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A FULL SEA 


HESE past few weeks have resounded with 

the plans of the major industries for their 
future developments. The Government con- 
trolled among them, like iron and steel, 
nuclear power, railways and roads, have 
predominated, but others such as the motor- 
car industry have also given signs that 
Britain is entering on a new industrial 
phase. It is a tide in the affairs of the 
nation: 

**On such a full sea are we now afloat, 

And we must take the current when it serves, 

Or lose our ventures.” 

Ten years hence an unkind critic may 
turn up these present plans and compare 
them with the reality of what has taken 
place. It may be that some of the work will 
have advanced more quickly even than we 
expect to-day. Without doubt there will be 
a difference between the plan and its execu- 
tion. A difference not in the nature of the 
work so much as in its timing. The time 
scale is, indeed, the most important factor, 
The history of military aircraft desigif and 
production during the past decade reveals 
this, and that is why we have prepared a 
special diagram (in an article on page 228), 
which shows the major decisions and events 
since 1944. Parliamentary criticism of the 
White Paper on military aircraft has been 
hampered by the fact that the Opposition 
were responsible for the immediate post-war 
decisions. The retarding effect of these 
decisions, especially that which envisaged no 
new front-line aircraft until 1957, is still 
being felt, and will continue to be felt for 
some time ahead. But if allowance be made 
for those decisions, reached with general 
concurrence at the time, the position to-day 
is as good as could be hoped. Information 
given in the White Paper was not sufficient 
to complete the diagram in detail. It is 
only by adding data derived from other 
published sources that we have been able to 
present a reasonably coherent statement. 
Engineers in the aircraft industry, who are 
familiar with the difficulties of the post-war 
period and can supplement the diagram by 
personal knowledge, will know whether 
any blame attaches for the present state of 
preparedness. Others may conclude, as 
they realise that there are still two years to 
go before 1957 is reached, that the Services 
are lucky to be as well equipped as they 
are. 

Another recent White Paper—that on 
defence—deals with broader issues. Nuclear 
weapons dominate the scene. If they were 
not used in the event of war, “‘ Europe could 
hardly be protected from invasion and 
occupation.” But also the existence of 
nuclear weapons may encourage the Com- 
munists to achieve their ends through cold 
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war. “* We shall therefore, in parallel with 
our effort to develop the deterrent and to 
prepare against a major war, strengthen by 
all means at our disposal, including where 
necessary the maintenance of adequate 
conventional forces, our defences against this 
method of attack.” The White Paper 
assesses the strategic outlook very carefully. 
It endeavours to answer the question, 
What would happen in war? It devotes a 
few paragraphs to current production of 
armaments. But it says nothing about 
production in the event of war. Surely, 
after two world wars in a generation, it is 
time this lesson was learnt. What is the use 
of a careful assessment of military strategy 
if there is no assessment of production 
strategy? 

The third Government review is of nuclear 
power for industrial purposes. A summary 
of the White Paper is given in this issue of 
ENGINEERING. There is no criticism of past 
decisions here: the Government look forward 
confidently to the time when nuclear energy 
will be capable of producing power econom- 
ically. ‘“‘ Our duty, both to ourselves and to 
other countries, is to establish this new 
industry of nuclear energy on a firm founda- 
tion and to develop it with all speed.” 
Engineering firms and consulting engineers 
who at present have little or no knowledge 
of the work, will become intimately con- 
nected with design and construction. More 
than a year ago we remarked (in the issue of 
November 6, 1953), that some of the British 
engineering firms then working as contractors 
and sub-contractors for steam and hydro- 
electric power-station construction would be 
engaged on atomic power stations within the 
next few years. Members of some of these 
firms have since attended a Reactor School 
at Harwell, and now four partnerships have 
been formed between leading firms in the 
electrical and boiler-making industries. The 
English Electric Company have joined with 
Babcock and Wilcox; Associated Electrical 
Industries with John Thompson; General 
Electric Company with Simon Carves; and 
C. A. Parsons with Head Wrightson. Other 
firms must soon be brought into the work, 
and consulting engineers, whose contribu- 
tions to national prosperity are so great in 
relation to their numbers, must take part and 
gain experience in the development of 
nuclear power stations. 

Time is the common ordinate in the 
graphs of the nation’s plans. No one 
expects the developments to work out 
exactly according to plan, but it should be 
made clear now what may be the penalties 
if time is wasted. Apart from the lesson of 
military aircraft, unbalance in the rates of 
development of iron and steel, roads, railways, 
civil aircraft and other industries can wreck 
the whole conception of future expansion. 
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Weekly Survey 


Cover Picture: The No. 2 Sir Adam Beck-Niagara 
generating station is the largest single power 
development project so far undertaken by the 
Hydro-Electric Power Commission of Ontario. 
The new station, six miles downstream from the 
famous Niagara Falls and close to the No. | 
station, will have an ultimate installed capacity of 
1,370 MW obtained from falling water brought 
from above the Falls through two pressure tunnels 
followed by a 24-mile long open-cut canal. The 
intake into each of the pressure tunnels is con- 
trolled by a gate suspended within an arch-like 
structure, one of which is shown on our front 
cover. Clad in extruded aluminium sheet, the two 
77-{t. high structures, each supporting a 200-ton 
gate, form a dominant feature of the landscape. 


xk & 
THE COAL BOARD— 


The report of the Advisory Committee on 
Organisation of the National Coal Board (under 
the chairmanship of Dr. A. Fleck, chairman of 
Imperial Chemical Industries) is an important 
document. It makes sweeping recommendations 
for changes in management organisation and has 
brought about the resignation of several of the 
present members of the Coal Board; and it is 
a valuable case study in the organisation of 
management. It is the first report prepared on 
a nationalised industry, at the request of a 
Government department, by a committee whose 
chairman has himself the responsibility of running 
one of the largest and most complex industrial 
organisations in the country. The case history 
and the recommendations are all the more 
significant because it is apparent that the critics 
of the industry’s management—and they have 
been many and vocal—have nearly all been right 
for the wrong reasons. 

The Committee have been concerned mainly 
to strengthen the direction of the Board at the 
highest level and to ensure that the line of 
command through divisions and areas is clear. 
The report stresses the failure of the Coal Board 
to enforce its directives clearly and far enough 
down the line of command to the collieries. The 
Committee are impressed with the need to instil 
leadership at the top which will percolate down 
through the organisation and so improve the 
chronically poor labour relations in the mines. 
Contrary to most critics’ strictures, they consider 
that the overheads of the industry as represented 
by salaried officials are too low, not too high. 
They recommend that the Board shall be increased 
from 11 to 12 members, six of whom shall be 
full-time members of the Board and four part- 
time members. The report goes on to remark 
that normally the full-time members should come 
from within the industry and should not be 
appointed for a limited period of time, since this 
present practice destroys continuity. The Com- 
mittee would also increase the salaries of all 
members as part of an effort to attract men of 
higher capabilities at different grades throughout 
the industry. It is interesting that Dr. Fleck, 
in an addendum, suggests that there should be 
legislation to enable the Board to be increased 
to a maximum of 18, with two deputy chairman 
instead of one—six part-time members instead 
of four and three additional full-time members 
to be appointed in about two years. 

Dr. Fleck’s views on this matter must obviously 
command great respect. Briefly, he is concerned 
that the “ public relations’ work of the Board 
should be done adequately vis-d@-vis Parliament, 
coal consumers and those who work in the 
industry as well as the general public, and he 
thinks that the duties of part-time members 
which the Committee have set out would be 
better performed by a body of six than four 
part-time members. He is also concerned that 
the full-time members as a whole should not be 
too divorced from the coalfields and he would 
have three additional full-time members with 
special duties to lessen the possibility of this 


danger resulting in an attitude of inflexibility 
within the Board itself. 


—AND ITS MANAGEMENT 


The Committee are in no doubt about the 
need for better management at all levels. Not 
only do they consider that the staff problem is 
as yet unsolved, but also that the right atmos- 
phere for solving it has yet to be created. Ill- 
informed criticism has had the effect of blighting 
the development of an intelligent staffing policy 
by insisting on economy in overheads. The 
Committee consider that the proportion of staff, 
which is 40,000 out of a total pay-roll of about 
750,000, is not too high. A series of recom- 
mendations are made on procuring and training 
an adequate personnel staff and they insist that 
the best men can only be attracted if they are 
recruited from outside as well as inside the ranks 
of mining engineers and paid better salaries. 

They agree that the Board’s decision to de- 
centralise management so far as possible has been 
sound, but they do not think that the Board 
has carried out its intentions effectively. Con- 
fusion exists as to the functions of divisional and 
area headquarters and their role as advisers 
to the Coal Board has been much over-emphasised 
to the detriment of their main function of carry- 
ing out the Board’s directives. This has led to 
a lack of discipline in the higher organisation of 
the industry which must inevitably seep down to 
the collieries themselves. They have recom- 
mended that the general directive of October, 
1953, in which the functions of the Board, 
divisions and areas and their relations to one 
another were set out, should be withdrawn and a 
new one issued, taking into account the Com- 
mittee’s recommendations. In conclusion the 
Committee warns against expecting quick results 
from its recommendations. They were appointed 
with the intention that this investigation should 
be the last for some time and it is certainly 
important that these sweeping recommendations, 
if accepted in whole or in part, should be given 
a reasonable chance to work out on the industry’s 
management structure. 
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FAILURE OF TWO 100-MW 
TURBO-GENERATORS 


It has been rightly said that an engineer learns 
as much from his failures as from his successes; 
and it is equally true that he can gain much 
that is of value from the experiences of others. 
Sir Claude Gibb is therefore to be commended 
for his public spirit in making available so 
frankly the results of an investigation into the 
failure of two 100-MW turbo-generators which 
were installed in the Richard L. Hearn station, 
at Toronto, of the Hydro-Electric Power Com- 
mission of Ontario. As will be gathered from a 
study of the paper which he read before the 
Institution of Mechanical Engineers on Tuesday, 
February 15, and of which a summary is pub- 
lished in this issue, the machines broke down 
within a few days of each other after they had 
both been over 10,000 hours in service. It was 
known when designing these units that they 
would be used to take peak loads, that the load 
on them would be varied from 10 to 100 per cent. 
of their maximum rating two or three times a 
day, and that they would be shut down every 
night. In fact, failure in both cases occurred 
after they had been out of action during the 
week-end. 

To avoid coil distortion much thought was 
devoted to limiting the temperature rise of the 
rotor, and ventilating holes were therefore pro- 
vided in the end-bells though their potential 
danger was fully appreciated. In the event, as is 
fully brought out in the paper, these holes were 
the cause of the trouble in that they gave rise to 
considerable concentrations of stress and weak- 
ened the bells, a condition which was exacerbated 
by the fact that with hydrogen cooling there may 
be a temperature difference of some 25 deg. C. 
between the rotor body and the end-bell when 
starting from cold. 
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As a result of the investigations, m2 metic 
chromium-molybdenum alloy has beei syb. 
stituted for non-magnetic austenitic steel as an 
end-bell material and ventilating holes hay : been 
omitted on the Toronto machines. ecent 
advances in the treatment of non-magnetic stee| 
however, should now enable it to be use with 
safety, and changes in the cooling system sould 
also lead to improvements. 


x & k 
MACHINERY IMPORTS ANOMALY 


The official policy of encouraging the pursuit of 
higher productivity requires that everything shall 
be done to enable British industry to equip with 
the best available plant and machinery. Since 
this cannot always be obtained in the United 
Kingdom, it is obviously desirable that manv- 
facturers shall be able to purchase abroad where 
necessary, and that they shall not be penalised 
by a heavy import duty. The Wilson Smith 
Committee, which reported last July, established 
that “‘ some discretionary system to permit the 
duty-free entry of machinery in suitable casés js 
in the national interest,’ but nevertheless - felt 
compelled by the practical difficulties to recom- 
mend that only applications to import plant and 
machinery in excess of £2,000 should be con- 
sidered. . This, however, handicaps the small 
firm, where the need for increasing productivity 
is often greatest and resources most straitened 

The Wilson Smith Committee did not consider 
that “‘ the import duty on consignments up to 
£2,000, i.c., a sum not exceeding £400, is a 
sufficiently serious burden even on the smaller 
firms to warrant the expense of administration 
which would be required if duty-free licensing 
were to continue on the previous scale.’’ But as 
is pointed out by the National Union of Manv- 
facturers, who have approached the President of 
the Board of Trade on the question of the removal 
of the £2,000 limit, it is difficult to justify a 
hardship imposed solely for the administrative 
convenience of the Government. 

Might not the administrative burden be eased 
by relaxing the conditions under which licences 
are granted? The Wilson Smith Committee 
were greatly concerned with the need to give 
protection to British machinery makers, and 
applicants for duty-free licences are at present 
required to show that no machine of similar 
performance and design is available within a 
reasonable period in this country. Since, how- 
ever, imports of machinery at present represent 
only a small fraction of British production, little 
would be lost by pursuing a more liberal trade 
policy, and there might be positive gain. 
Foreign competition in the home market could 
prove a healthy stimulant to British machinery 
makers—the more so since, as is frequently 
argued, the conservatism of British users of 
machinery too often damps the enthusiasm and 
enterprise of machinery designers. 


xk * 
BRITISH GOODS IN EUROPE 


Trade within Western Europe is increasing but 
this country is getting progressively less of it, 
according to the latest issue of the Bulletin for 
Industry issued by the Information Division of 
the Treasury. In the year which ended last 
September, the total volume of imports by 
O.E.E.C. countries was 50 per cent. more than in 
1948 and 23 per cent. more than in 1938. Asa 
proportion of the world market, continental 
Western Europe has rather more than held its 
own in recent years, after falling away substan- 
tially during the war. 
In the same year about a quarter of the United 
Kingdom’s exports went to the Continent and 
more than three-quarters of these were manufac- 
tures. Of this total, the Netherlands took 
15 per cent., Sweden 14 per cent., Denmark 
12 per cent., Western Germany, France and 
Norway 10 per cent. each, Italy 9 per cent., 
and the Benelux countries 8 per cent. There 
are. indications, however, that our competitors 
are doing better than we are in these markets. 
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In the year to last June, each of our three best 
customers took more of their imports from 
Germany than they did from us. Between the 
third quarters of 1953 and 1954, the total value 
of imports into O.E.E.C. countries increased by 
9 per cent., but whereas imports from Germany 
rose oy 21 per cent., those from this country went 
up by only 8 per cent. 

German competition is not the only factor to 
be reckoned with. Certain countries are relaxing 
their dollar imports. Switzerland and Belgium 
have not discriminated against dollar goods 
for some time and now Sweden, Holland and 
Western Germany have removed restrictions to 
some extent—three of this country’s largest 
customers in Europe. The growing liberalisa- 
tion of the West European market is thus easing 
dollar restrictions and intensifying competition 
for this country. 
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BOX AND CARTON MANUFACTURE 


This country’s packaging bill has been estimated 
at £300 million a year. A high proportion of 
it is accounted for by cartons, cardboard boxes 
and fibre-board packing cases, which are used 
both to preserve the contents and, through 
highly attractive design, to serve as an advertise- 
ment. Improved productivity and new develop- 
ments in the box and carton industry are there- 
fore important to a wide range of industries. 
They form the subject of A Review of Produc- 
tivity in the Rigid Boxes and Cartons Industry, 
published by the British Productivity Council. 
In 1950 the industry sent a productivity team 
to the U.S.A. and the team’s recommendations 
were subsequently published; the present report 
reviews developments in the industry in the light 
of those recommendations. 

The chief factor in raising productivity has 
been the application of general industrial tech- 
niques, including specialisation of production, 
the adoption of incentive schemes, the setting up 
of works committees and the introduction of 
training schemes. Costing systems are being 
applied quite extensively and some factories 
have introduced work study. Of principal inter- 
est to engineers, however, is the extent to which 
new and improved machines have been installed. 
The report states that unti! comparatively recently 
new machines capable of making radical changes 
in the methods of manufacture were difficult to 
obtain. More recently, however, such equip- 
ment as cutting and creasing machines of the 
auto-platen type, automatic and semi-automatic 
wrapping machines, and quad stayers using a 
thin plastic tape have been introduced. In 
carton-making the introduction of a corner 
glueing machine has produced a collapsible 
box which combines the attractiveness and 
collapsible qualities of a carton with virtually the 
same strength as that of a rigid box. Other 
developments include high-speed pre-folding 
and glueing machines. 

The report emphasises that many firms need 
to pay more attention to plant maintenance. 
One carton manufacturer has introduced a pre- 
ventive plant maintenance scheme under which 
each machine receives one-monthly, _ three- 
monthly and six-monthly checks. Even though 
the six-monthly check necessitates the machine 
being idle for a considerable time, the company 
claim that total idle machine time has been 
Significantly reduced. 
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PREVENTING CORROSION 


The effects of the corrosion of ferrous-metal 
surf2ces in all environments, in air, in water, or in 
Soils, may be alleviated by one or more of four 
methods, namely: alterations in the corrosive 
mecium; modifications in the design of the plant 
or apparatus exposed to corrosion; changes in the 
con position of the iron or steel employed; and 
effi ent protective measures. The value of the 
mei iods varies with the environment. 

1e results of prolonged investigation into the 
cau. es of corrosion and methods for its inhibition 
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are dealt with in an interesting booklet entitled 
The Prevention of Corrosion, published, price 2s., 
by the British Iron and Steel Research Associa- 
tion, 11 Park-lane, London, W.1. The subject 
is discussed under three main headings, corrosion 
in air, in water and in the soil. 

In dealing with structural steels, the import- 
ance of good basic design is stressed. Apart 
from avoiding opportunities for the lodgement of 
moisture and atmospheric grime, it is pointed 
out that sound design acts as an important 
inhibiting agent by encouraging efficient main- 
tenance. After a consideration of the virtues 
of rust-resisting steels, the conclusion is reached 
that for economic reasons, low-alloy steels offer 
the best inherent qualities for general use as 
structural materials. As regards the protective 
painting of steel the important factors are 
thorough surface preparation and the use of a 
suitable inhibitive priming paint and of an 
adequate finishing coat. 

Corrosion in water is treated under two aspects, 
namely, ship structure and shore installations. 
Details are given of the performance of an anti- 
corrosive paint pigmented with basic lead sul- 
phate, aluminium powder, Burntisland red and 
barytes and bound in a medium of the phenol- 
formaldehyde/stand-oil type. The value of metal 
coatings and of cathodic protection are also 
considered. 

The most common form of corrosion in 
buried cast-iron pipes is graphitisation, or the 
disappearance of the iron matrix of the pipe, 
leaving a brittle skeleton consisting mainly of 
carbon. This takes place in anaerobic condi- 
tions in heavy impervious clay soils. Effective 
protective measures recommended include bitu- 
men coatings from 4 in. to } in. in thickness 
reinforced by asbestos, latex, glass wool or 
similar material. 


xk k * 
THE DECLINE OF COTTON 


The cotton industry is making a great fuss 
because cheap Indian cloth has captured 5 per 
cent. of the home market. This cloth has, 
however, to some extent taken the place of 
previous imports from Japan. Its effect on the 
industry must be considered in relation to the 
inroads into Lancashire’s exports made by 
Eastern countries since the first World War. 
That trend is accelerating, so that to-day the 
value of cotton exports are only about one-eighth 
of our total exports and are less than the value 
of the raw cotton imported. 

It is claimed that the Indians have an unfair 
advantage because of the high tariff they impose 
on cotton imports. There is, however, a good 
case for an under-developed country such as 
India protecting industries producing the simpler 
consumer goods, in order to preserve its earnings 
of foreign currency for the purchase of the more 
complicated capital goods it needs for its 
industrial development. There is equally a 
case for allowing them to sell us the simpler 
consumer goods, so that they can earn enough 
to buy, for instance, our engineering products. 
No doubt it is for this reason that the Govern- 
ment, although it has the duty to ease the 
adjustment as much as possible, is being very 
cautious in its replies to the complaints of the 
cotton trade. 

The truth is that if the people of this country 
want to have the standard of living of the highly 
skilled worker or technician, they cannot expect 
to go on producing the products of semi- 
skilled labour. The apparent despair of the 
cotton industry is put into better national 
perspective, when it is realised that all those who 
have so far lost their employment in particular 
firms have either found new jobs within the 
industry or else in the growing engineering 
industries which are replacing textiles in Lanca- 
shire. It must be presumed that the firms within 
the cotton industry which are still able to take 
on more workers are those whose products are 
of the higher quality and more complicated 
nature on which the future of the industry must 
depend; and if some firms which are less efficient, 
or which are still only making the simpler 
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products, go out of business, this is part of an 
inevitable and desirable trend. 
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TROUBLE WITH PLAIN BEARINGS 


The Institution of Mechanical Engineers are 
holding a discussion next Friday, March 4, on 
a troublesome phenomenon that sometimes 
occurs with high-speed journal bearings. ‘ Oil 
film whirl” is a form of resonance caused by the 
resilience of the oil film and the mass of the 
shaft (it must be distinguished from elastic shaft 
whirl). We publish two reports of research on 
oil whirl in this issue of ENGINEERING. 

As the speeds of many kinds of rotating 
machinery are increasing, and as it is often 
advantageous to use plain bearings instead of 
ball or roller bearings, the phenomenon has 
become increasingly important in recent years. 
It was first demonstrated in 1925 and there have 
been occasional papers on it since. But no 
serious effort has been made to _ establish 
accurately the cause or find a cure. Most 
manufacturers of high-speed machinery have 
encountered it, but as it is first noticed on the 
test-bed during acceptance trials, when no one 
is in the frame of mind to indulge in academic 
experiments, the methods used to overcome it 
are almost always ad hoc and usually hurried. 
Further, as it is a bar to the acceptance of the 
machinery, most firms are reluctant to admit that 
they have had acquaintance with so regrettable 
an occurrence. 

Of the two articles published this week, 
Dr. Shawki’s (which has been in our hands 
considerably longer than the other) is an experi- 
mental determination of the locus of the shaft 
centre during vibration. This approach is 
important because theoretical analysis of the 
vibration cannot proceed very far until the mode 
of vibration is known. The work is restricted to 
no-load, or nearly no-load, conditions (when 
vibration is often serious). Dr. Cameron’s 
article, on the other hand, extends work carried 
out by Hummel, who treated the oil film as a 
spring and calculated the resulting natural 
frequencies. It extends the theory to cover the 
whole range of bearing conditions. It predicts 
definite vibration frequencies and shows that 
the chief factor determining the frequency is 
diametral clearance. 

Dr. Cameron pleads for the pooling of know- 
ledge on oil whirl. If some way can be found to 
bring together the practical experience of manu- 
facturers and the analytical ability at the 
universities, this troublesome problem may be 
solved. Perhaps the discussion next Friday will 
point the way. 


= 


WHITEWASH AND FLOUR 


A fortnight ago students of the Northampton 
Engineering College made a raid on students of 
the London School of Economics. An evening 
paper reported that whitewash and flour were 
the principal weapons. An L.S.E. student said 
** We shall retaliate.” 

What an admirable war! Every engineer who 
has ever tried to maintain the high standards of 
his profession in spite of economics and 
economists, must surely envy those students from 
the N.E.C. The primitive guerilla tactics 
will appeal to him. He may know nothing of 
the hydrodynamics of whitewash or the terminal 
velocity of flour particles, but his ignorance would 
be no obstacle. Such tribal warfare would be 
the perfect safety-valve for those repressed 
emotions which plague the engineer when he 
thinks of economists. But it is not possible. 
He is no longer a student. He would be bound 
to tell the undergraduates of Northampton 
Engineering College that, come whitewash or 
flour, the economists—or at least economics— 
always have the last word. No doubt the 
students will discover this for themselves soon 
enough: their College is right in the centre of it 
all—it is in the City of London. 
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THE TIME FACTOR IN MILITARY 
AIRCRAFT PRODUCTION, 


The White Paper on the supply of military air- 
craft* claims that Britain has “ an effective air 
defence.”” This claim has already been assailed 
in the daily Press, but the paper does show the 
difficulties of maintaining an adequate and 
progressive air arm. It gives various dates 
relating to design and production, but since the 
pattern is difficult to comprehend as a whole we 
have prepared a special diagram with the time 
scale as a base. 

The diagram shows across the top the most 
significant factors in the post-war development 
of military aircraft. After the 1939-45 war it 
was decided not to take a major step forward 
in the re-equipment of the Royal Navy and the 
Royal Air Force with new front-line aircraft 
until about 1957. During the interim period 
the Services were to use the types of aircraft 
they already had, with a limited number of new 
types based on war-time conceptions, the 
development of which was continued. The 
Services also stated their requirements for 1957, 
and development work was started in 1947 and 
1948 to fulfil these requirements. 

A second decision of major importance was 
not to: attempt supersonic flight in manned 
aircraft. This, as it has turned out, and as the 
White Paper admits, was a decision which 
seriously delayed the progress of aeronautical 
research in the U.K. Another factor which 
delayed research was the lack of research 
facilities. The general economic and financial 
situation of the country made it difficult to spend 
much money on aeronautical research, and 
following devaluation in 1949, various research 
aircraft for experiments in flight at speeds near 
that of sound were cancelled for reasons of 
economy. That situation has been corrected 
now; an article in this issue describes equipment 
being installed at the Royal Aircraft Establish- 
ment and the National Aeronautical Establish- 
ment. 


* The Supply of Military Aircraft. Cmd. 9388. 
H.M. Stationery Office (6d. net). 


The three decisions detailed above have 
influenced the course of aeronautical develop- 
ment since the war. Other determining factors 
have been world and economic events, particularly 
the Berlin blockade, devaluation in 1949, and 
the Korean War from 1950 to 1953. The 
problems in designing and accepting military 
aircraft are partly aeronautical and technical, 
but they are also problems in time and money. 
Without money no work can be done at all, 
but however much a country may spend, military 
aircraft cannot be designed and produced at 
once. The significance of the time factor is 
illustrated by the diagram. It shows that the 
average time from commencement of design to 
commencement of squadron service is between 
six and seven years for a fighter or bomber. 
That the time problem is not confined to military 
aircraft can be seen by the history of the Comet 
as shown in the diagram: design started in 1946, 
and commercial flights started in 1952, six years 
later. 

In preparing the diagram it has not been 
possible to find all the facts necessary to complete 
it. As the White Paper says: ‘the desire of 
any Government to give information must be 
curbed by security considerations.””» The dates 
for commencement of design may not be 
accurate, but design had in all cases been started 
by the year indicated, although sometimes it 
may have been going on for a year or two before. 
Dates for the first flight of a prototype have 
been obtained from published information; 
The dates when aircraft were taken into service 
are the dates of delivery for squadron service. 

The Canberra, which has been in service with 
the R.A.F. since 1951, was the immediate post- 
war bomber developed as an interim measure 
for use up to 1957. Shortly after design started 
on the Canberra the R.A.F. requirements for 
1957 were formulated into the Victor and the 
Vulcan, with the S.A.4 and the Valiant as 
interim ‘‘ insurances.” After three years of 
design the Valiant had progressed so quickly 
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that the S.A.4 was dropped as a produc ion 
bomber, although the prototype flew in - 5]. 
The Valiant is coming into squadron service this 
year, and work proceeds steadily with the Vi can 
and the Victor. The present situation is t:-ere- 
fore: one post-war bomber in squadron ser: ice; 
one advanced interim bomber just coming ‘nto 
squadron service; two bombers of 1957 rec tire- 
ment standard nearing squadron service. The 
Victor is the only bomber to meet the R./A_F,’s 
requirements completely, but when the Victor 
and Vulcan were started they were both -uch 
advanced conceptions and employed such w.dely 
differing approaches that it was a wise preca:.tion 
to develop them in parallel. 

The fighter position is not so satisfaciory, 
The fighters in the diagram at present in service 
with the Royal Air Force and the Royal Navy 
are the Meteor, Hunter, Vampire, Venom, 
Sea Venom and Sea Hawk. The Meteor has 
been developed from a design of about 1940, and 
the Vampire from a design of about 1944. The 
Venom has been developed from the Vampire, 
and the first post-war design to come into service 
has been the Hunter. Aircraft still in the develop- 
ment stage are the Javelin, Swift, P.1, and 
D.H.110, although the Javelin is likely to be 
delivered in appreciable quantities during the 
next financial year. The Swift has proved 
disappointing so far, and the first three Marks 
cannot be brought to the required operational 
standard. Further tests will determine whether 
the Mark 4 has now been modified sufficiently 
to warrant putting it into service with the 
R.A.F. 

The White Paper concludes with a summary of 
the experience of the past ten years. Develop- 
ment, not production, is the lengthy stage in the 
supply of military aircraft, and a large research 
programme is necessary to ensure that the 
development is on the right lines. There should 
be an adequate number of aircraft available for 
development purposes. Owing to the rate of 
technical advances, it may well prove more 
economical in the long run to advance by 
shorter, though more frequent steps. Finally, 
the system must permit design teams to propound 
different solutions to the problems posed, but 
this must not lead to an undue dispersal of 
effort. 
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Letters to the Editor 


RIVETING OR ADHESIVE BONDING? 


DESIGN AGAINST FATIGUE 


Sir, One of the most important but not most 
widely realised advantages of adhesive bonding 
over riveting is that no holes are drilled as a 
preliminary to joining reinforcing members by 
a series Of local attachments. It is significant 
that the recently-concluded Court of Inquiry 
into the accidents to Comets G-ALYP and 
G-ALYY attributed failure in both aircraft 
to small fatigue cracks beginning at rivet holes 
in the skins of the pressurised cabins. 

Rivets are inevitably stress raisers, and it is 
encouraging to find emphasis laid upon this 
factor by your eminent contributor, Professor 
W. J. Duncan, in his article ‘‘ The Comet and 
Design Against Fatigue,” in last week’s issue of 
ENGINEERING. As makers of the Redux adhesive 
employed extensively in Comet aircraft, we are 
glad to read his opinion that “ the investigation 
completely vindicated the Redux adhesive” 
and that its use “* is to be welcomed on the ground 
that this helps to eliminate rivets.”’ We our- 
selves tested joints made from a piece of Comet 
G-ALYP retrieved from the Mediterranean 
and, despite their treatment, obtained shear and 
peeling strength results that were entirely up 
to standard. It is also relevant that the oldest 
de Havilland Dove (bonded with Redux) in 
service has done over 17,000 hours flying. 
It is registered VH-AWD and was supplied to 
Western Australian Airlines on December 2, 
1947. 

Finally, perhaps we may be permitted to 
quote an extract from a letter received in 1954 
from West African Airways Corporation:— 

“Dove aircraft have been in operation with 
the West African Airways Corporation under 
local climatic conditions since October 1, 1947. 
These conditions vary from high humidity with 
moderate temperatures in the south to low 
humidity with high temperature conditions in 
the north. The range between these conditions 
involving almost all temperature/humidity com- 
binations. 

“No reports of failure of the bonding between 
stringers and skins have been received. The 
Reduxed joints do not appear to have been 
affected by the troublesome airborne fungi 
which adversely affects a large number of other 
aircraft processes and aircraft components. 

“No trouble has been experienced with corro- 
sion of Reduxed joints, corrosion being a major 
factor, particularly with aircraft components 
in use, or stored at most of our West African 
stations.” 

It is a truism to say that fatigue of metals is a 
major problem but designers can at least ensure 
that adhesive bonding is used wherever practicable 
to eliminate stress raisers and so increase the 
fatigue life of aircraft structures. 

Yours faithfully, 
K. S. MEAKIN. 
Aero Research, Limited, 
Duxford, 
Cambridge. 
February 17, 1955. 
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A LOCAL INFORMATION SERVICE 
Technical Colleges and Public Libraries 


Sir, The letter by Mr. Gordon H. Wright 
pub'ished in your issue of January 28, displays 
som: lack of knowledge both in respect of what 
pul > libraries are doing to help industry and 
In t| ¢ co-operation which exists in many parts of 
this country between public, technical college, 
and firms’ libraries for the same purpose. I 
wo.id draw Mr. Wright’s notice to an article 
pub ished in your journal on January 8, 1954. 
(“ F egional Information Services: A Co-opera- 
tive Scheme for Industry,” page 39). 

F irther, might I suggest that no technical 


college can, without the co-operation of the 
others, provide the extensive service claimed, 
simply because its funds for books and sources 
of information are so small compared with the 
amount such a service would cost. Indeed such 
funds are usually considerably smaller than the 
amount the average public library in an industrial 
area normally spends on this part of its work. 
Yours faithfully, 
Roy D. RATEs, 

Borough Librarian. 

Borough of Acton, 
Central Library, 
Acton, 
London, W.3. 

February 8, 1955 
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DISSEMINATING TECHNICAL 


INFORMATION 

Existing Services 
Sir, The report published under the title 
** Organising Research for the Small Firm,”’ on 
page 132 of your issue dated February 4, 1955, 
reflects an admirable attempt to bring industry 
and educational institutions into a closer working 
partnership in research activities. Among the 
developments advocated were the establishment 
of a central office of information to bring 
together those seeking or finding the same kind 
of knowledge, and the creation of thore channels 
of information to save firms spending time and 
effort in dealing with problems already solved 
elsewhere. 

Surely the latter is a very mistaken view? It 
is generally agreed that the machinery for dis- 
seminating technical information in this country 
is adequate. What is required is that far more 
firms should set up internal machinery, which 
need not be elaborate or expensive, for making 
systematic use of the channels of information 
already in existence. At the moment it is 
doubtful whether 1,000 of the 55,000 industrial 
units in the United Kingdom have such arrange- 
ments, whereas at least 5,000 could probably 
benefit at once and a further 5,000 in the fore- 
seeable future. It is the function of Aslib (for- 
merly the Association of Special Libraries and 
Information Bureaux), with the support of H.M. 
Department of Scientific and Industrial Research, 
both to provide the services of consultants in 
setting up the necessary machinery and to 
assist firms in tapping the existing channels. 
The fact that this network of suppliers and users 
of information now consists of nearly 2,000 
industrial concerns, universities and technical 
colleges, professional and technical institutions, 
learned societies and other bodies, indicates the 
extent to which public awareness of the impor- 
tance of technical information has grown. 

The functions envisaged for the proposed 
central office of information appear to be those 
which Aslib has performed for the past 30 years. 
It is also worth remembering that the case for 
a comprehensive central information service was 
considered and rejected, in favour of the con- 
tinuance of a co-ordinated network of such 
services, as recently as 1950 by the Panel on 
Technical Information Services of the Committee 
on Industrial Productivity. The report of this 
Panel was published by Aslib in the Journal of 
Documentation, June, 1951. Through its head- 
quarters information department, handling some 
20,000 inquiries a year, as well as through its 
subject groups and regional branches, Aslib 
is able to bring inquirers into contact with the 
appropriate source of the information they 
require, whether that source is the printed word 
or an institution. 

That there is still room for improvement in 
technical communication is evident, but this 
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letter may help to show that the field is perhaps 
not quite as untilled as the speakers reported by 
you might be held to suggest. 
I am, Sir, 
Your obedient servant, 
LESLIE WILSON, 
Director. 

Aslib, 

4 Palace Gate, 

London, W.8. 

February 15, 1955. 
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METERING PULSATING FLOW 
Author’s Reply 


Str, I refer to the comments of Dr. F. V. A. 
Engel and Dr. T. J. Williams in your issue of 
February 4. 

I wish to thank Dr. Engel for relating part of 
the non-dimensional parameter to the Strouhal 
number. I arrived at my group by an analysis 
of the equation of motion with special reference 


bv 
to the | 


Engel on the importance of model laws, but 
consider that the choice of some of the variables 
in his analysis might make the application of the 
dynamical and geometrical similarities not always 
possible. With regard to Dr. Engel’s questions 
concerning the velocity distribution and swirl, 
although I am aware of the possibility of these 
phenomena occurring, he will understand if I 
say that I would be very happy indeed if we had 
reached the stage of understanding the problem 
of metering pulsating flow to such a degree that 
we could occupy ourselves with the more refined 
points of the problem. 

With regard to Dr. William’s remarks on the 
problem of change of quantity of air flow, 
although regrettably I have not mentioned it in 
the article, an additional orifice was installed 
between the tanks in the preliminary stages of 
the investigation. Its purpose was not to meter 
the flow but to insure that the possibility of any 
fluctuations at the manometer placed in the 
upstream tank were reduced to a minimum. 
At the same time, an additional tank with a 
metering orifice and an inclined manometer were 
installed on the inlet side of the blower. The 
results with the set-up allowed me to say on 
p. 17 “....since the mass flow with pulsations 
was practically the same as for steady flow...” 
I can say, however, that in the experimental work 
under way in which multi-independent-channel 
electronic equipment is used, this point receives 
consideration to such an extent that I myself 
am critical of the degree of steadiness of flow 
produced by rotary blowers. 

The offer of Dr. Williams to explain the fact 
that some of the results led to a correction factor 
greater than 1 is appreciated but not acceptable 
in this case. A great deal has been written on 
this point and Dr. Williams, if interested, may 
find it quite informative. I suggest to Dr. 
Williams that, by treating the orifice as a dis- 
continuity in a pipe, it can be shown analytically 
that: (a) the relationship between the amplitude 
of the advancing, reflected and transmitted 
wave is of a parabolic nature and that conditions 
of full transmission occur; (b) phase shift has to 
be considered. 

These points are being studied, but the problem 
of phase shift which, dynamically, is of basic 
importance, does not render itself to a simple 
analysis in a complex train of waves. The 
problem of standing-wave phenomena in the 
system must also be considered. It is more 
probable that the explanation of the occurrence 
of a correction factor greater than unity lies 
here. 

With regard to Dr. William’s suggestion that 
I claim to have determined final values of the 
coefficient of discharge, I do not feel that such a 
claim was made, in view of my statement at the 
beginning that “.. . . a non-dimensional number 
derived from a large number of experimental 
results is given to illustrate the approach to the 
solution of a problem generally recognised as 


and v terms. I fully agree with Dr. 
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being complex.”, and also at the end suggesting 
a further possible line of approach. 

As to the problem of damping of U-tube 
manometers, I have only considered damping 
in the liquid as it is known that any degree of 
damping along the leads will give results which 
are beyond simple prediction. Results similar 
to Fig. 2 were re-investigated by three independent 
persons and led to the same conclusion. 

Dr. William’s objection to the form of waves, 
in view of the fact that they were produced by a 
reciprocating unit, must be considered as purely 
personal, perhaps in preference to the Judd and 
Pheley butterfly-type interrupter. The mano- 
meters and connections were designed according 
to B.S. 1042: 1943 and the single pressure 
pick-ups were screwed directly into the flanges 
while the differential pressure pick-up was 
connected by means of two 4-in. long rubber 
tubes. The pressure pick-ups were acquired 
commercially and were of the condenser type 
used with high amplification. The use of the 
optical indicator was not one of choice but of 
necessity for financial reasons. 

Finally, may I say that a contribution is made 
to an attempt to understand a problem if, by our 
work, we increase the scope of the methods of 
analysis and experimentation of complex 
problems so that we are able to abstract, from 
the complexity of phenomena, simple systems of 
which the components bear to one another a 
relationship possible of being formulated quanti- 
tatively in terms of mathematics and applied 
science. 

Yours faithfully, 
J. M. ZAREK. 
Faculty of Engineering, 
University of London King’s College, 
London, W.C.2. 
February 11, 1955. 
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THICK-WALLED CYLINDERS 
UNDER INTERNAL PRESSURE 


Merits of Various Ultimate Strength 
Formulae 


Sir, The interesting article by Dr. Crossland 
and Mr. Bones (page 80, January 21, and page 
114, January 28) is most opportune in that 
work of this sort on very thick-walled cylinders 
is long overdue. It is only by taking these 
rather extreme examples that a clear distinction 
can be seen between the different formulae 
and theories put forward as to the stresses 
produced, since all these formulae give closely 
similar results for the smaller K ratios, the 
differences being often less than the experimental 
errors involved. 

I am interested to see the authors’ work does 
not confirm my suggested formula (2), though 
it fits quite well up to K = 2 and better than 
Cook and Robertson’s. What is perhaps more 
remarkable is that, as I suggested previously, 
the mean-diameter formula fits so excellently 
over the whole experimental range (see Fig. 25). 
Indeed, it fits better than Manning’s formula. 
It is true that as a theoretical basis Manning’s 
method is amply justified by the authors’ work, 
whereas no such theoretical basis is forthcoming 
for the mean-diameter formula. Nevertheless, 
since Manning’s method cannot be expressed in 
a simple form but requires an integration and 
special physical data for its evaluation, it is not 
likely to appeal to practical workers. The fact 
that the mean-diameter formula gives equally, 
if not more, accurate results, is simple, well- 
known and requires only a knowledge of the 
tensile strength of the material, will undoubtedly 
result in its continued use as a means of predicting 
the bursting pressure of cylinders. 

Yours faithfully, 

J. S. BLatr, 
Assistant General Manager. 

Department of Research and 

Technical Development, 

Stewarts and Lloyds, Limited, 
Corby, Northamptonshire. 
February 10, 1955. 


Obituary 


MR. D. A. BREMNER, O.B.E. 


Former Director of British Engineers’ 
Association 


It is with regret that we record the death of 
Mr. David Alexander Bremner, which occurred 
in his 89th year on February 7. Mr. Bremner, 
who was director of the British Engineers’ 
Association, 32, Victoria Street, London, S.W.1 
for 24 years, was born in Scotland, on July 23, 
1866. From 1882 to 1884, he was a pupil with 
the Edison Electric Light Company in London, 
and studied at the Finsbury Technical College. 
In 1884, he attended the Eastern Telegraph 
Company’s training station at Porthcurno, near 
Penzance, Cornwall, and in the following year 
returned to London to enter the Victoria Works, 
of the Brush Electric Light Corporation, 
Limited, with whom he remained until 1888. 
During the latter part of this time he was in charge 
of various outside works, including a contract 
in Finland. From 1888 until 1889, Mr. 
Bremner was electrical engineer to the Port 
Said and Suez Coal Company, and from 1889 
to 1892, electrical engineer to the Borough 
Council of Kimberley, South Africa, during which 
time he designed and erected a new town-lighting 
plant. From 1892 until 1896, Mr. Bremner 
was successively manager of E. W. Tarry & 
Company’s foundry and engineering works, 
Johannesburg, and resident engineer to the 
Simmer & Jack Gold Mining Company in the 
Central Rand. After serving a year as chief 
assistant to the late Major L. I. Seymour, 
consulting mechanical engineer to H. Eckstein 
and Company and the Rand Mines Limited, 
Johannesburg, Mr. Bremner returned to England 
in 1897, and practised as a consulting mechanical 
and electrical engineer for the subsequent ten 
years, during which he travelled extensively. 

After this, Mr. Bremuer gave up his practice 
and went to Norway where he became general 
manager of the Dunderland Iron Ore Company, 
and other companies in 1910. Returning home 
in 1914, Mr. Bremner eventually became head of 
the aluminium section of the Ministry of 
Munitions, and for his services was awarded the 
O.B.E. He was appointed director of the British 
Engineers’ Association in 1919, and retired on 
April 30, 1943. During his tenure of office as 
director, Mr. Bremner became closely connected 
with many industrial organisations. He was a 
member of the Grand Council of the Federation 
of British Industries and served on many of its 
committees. He was a member of the British 
National Committee of the World Power Con- 
ference and, in 1928, was elected to the Standard- 
isation and Simplification Committee of the 
Board of Trade. In 1929, he joined the Mech- 
anical Industry Committee of what is now the 
British Standards Institution. 

Mr. Bremner was a member of the Institution 
of Electrical Engineers for over 60 years, having 
been elected an associate in 1890, and transferred 
to the class of member in 1894. He was elected 
a member of the Institution of Mechanical 
Engineers in 1900. 
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MR. H. S. CARNEGIE 


We regret to record the death of Mr. H. S. 
Carnegie, which occurred at the age of seventy- 
four on Friday, February 4. 

Herbert Stirling Carnegie was born at Shorn- 
cliffe, Kent, on January 7, 1881, and was 
educated at Norwich and at Finsbury Technical 
College, where he obtained the Salomons 
scholarship. He subsequently attended classes 
at the Technische Hochschule, Karlsruhe. He 
served an apprenticeship with Laurence Scott 
and Company, Limited, Norwich, for whom he 
was engaged in the erection of plant in textile 
mills, mines and on a number of warships. 

In 1911, he joined Cammell, Laird and 
Company, Limited, Birkenhead, as a draughts- 
man and was then for a time employed by Scott’s 
Engineering and Shipbuilding Company, Limited, 
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Greenock, as outside electrical manager on the 
equipment of both naval and merchant sips, 
In 1914, he obtained an appointment as engi jeer 
in the Rolling Mills of Siemens Bro: iers 
Dynamo Works, Limited, but on the outb eak 
of war was commissioned in the Royal Engin :ers, 
He served throughout the period of hosti ities 
and was awarded the Belgian Croix de Gierre 
for his services. 

In 1919, he re-joined Siemens Brothers 
Dynamo Works and held a position in heir 
Marine Department at Glasgow. On the 
amalgamation of this firm with the Enzlish 
Electric Company in 1920, he was appointed 
assistant to the chief of the Rolling Mill Depart- 
ment at Stafford, becoming chief of the depart- 
ment in 1928, and subsequently extending his 
activities to the development of Diesel-electric 
ship propulsion as well as to colliery and paper- 
mill equipment. In 1941, he was given the 
additional appointment of assistant chief engineer 
of the company, in which position his duties 
included work on magnetic-mine sweeping 
equipment for the Admiralty. Two years later 
he became deputy chief engineer (general) and 
at the time of his death was acting as consultant 
to the Directorate of Engineering, besides being 
head of the Special Engineering Section at 
Stafford. 

Mr. Carnegie was elected a Member of the 
Institution of Mechanical Engineers in 1949, 
He joined the Institution of Electrical Engineers, 
as associate member, in 1919, and was trans- 
ferred to the class of member in 1935. He had 
also been a member of the Iron & Steel Institute 
— 1929, and of the Institute of Metals since 
1 : 
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We regret also to record the deaths of : 


Mr. JAMES CRYLE JUNOoR, at Gosforth, Northum- 
berland, on February 4, at the age of 77. Mr. 
Junor was shipyard manager of R. & W. Haw- 
thorn, Leslie & Co. Ltd., Hebburn-on-Tyne, until 
his retirement in 1938. He joined the firm in 1890 
and had been a head foreman before’ becoming yard 
manager. 

Mr. WILLIAM HARRISON WAGGOTT, while on 
holiday at Frome, Somerset, on January 30, at the 
age of 86. He was managing director of the Tyne 
Dock Engineering Co., Ltd., South Shields, from 1919 
until his retirement in 1936. For upwards of 20 
years he was also chairman of Carmichael Brothers 
Ltd., iron founders, South Shields. 

Mr. WILLIAM GEORGE Gass, M.I.Mech.E., on 
February 7. Mr. Gass was a director and a founder 
of Entwisle and Gass Ltd., Atlas Foundry, Nelson 
Street, Bolton. He was a former managing director 
and chairman of the company. He had been a 
member of the Institution of Mechanical Engineers 
for 43 years, and was a trustee of the Manchester 
Association of Engineers. He served as President of 
the latter body during 1928-1929. 

Mr. ARTHUR ALLAN Gomme, M.B.E., A.C.G.L, 
F.L.A., at his home in Putney, London, S.W.15, on 
February 9, at the age of 72, Mr. Gomme was for 
many years librarian at the Patent Office, London, 
and retired in 1944. As a youth he was trained at 
the City and Guilds College from 1900 until 1903 
and obtained the associateship in electrical engi- 
neering. 

Str JoHN FRANKLAND PAYNE-GALLWEY, Bt., in 
hospital on February 13, at the age of 65. He was 
a mining engineer who also served with distinction 
in the Royal Engineers in the wars of 1914-18 and 
1939 to 1945, attaining the brevet rank of lieutenant- 
colonel. 


x * * 


INCORPORATED PLANT ENGINEERS 
Third Annual Dinner 


The third annual dinner of the Incorporated 
Plant Engineers was held in London on Friday, 
February 18, under the chairmanship of the 
President, Mr. R. H. Cobbold, B.A.(Cantab.). 
The guest of honour was General Sir William 
Platt, G.B.E., K.C.B., G.O.C.-in-C. East Africa 
(1941-45) and now a member of the board of 
directors of Mather and Platt, Limited, Newton 
Heath, Manchester, 10. . During the evening, 4 
certificate of honorary membership was presented 
to Sir Oliver Lyle, of Tate and Lyle, Limited. 
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PERSONAL 


Mr. R. H. Gummer, M.I.Mar.E., F.Inst.F., a 
director of International Combustion Ltd., and asso- 
ciate’ companies, has been elected President of the 
Institi'te of Fuel, 18 Devonshire-street, Portland- 
place. London, W.1. He will take office in October 
next, in succession to Dr. W. Ipris Jones, C.B.E. 


Dr. H. G. Tay or, director of research of the 
British Welding Research Association, 29 Park- 
crescent, London, W.1, has been elected President 
of the Society of Engineers. 


Mr. H. West has been appointed chief engineer 
and a member of the ‘“‘ Terylene ’’ Council of Imperial 
Chemical Industries Ltd. 


PROFESSOR SIR ARNOLD PLANT, B.Com., B.Sc. 
(Econ.), is to be chairman of the Industrial Injuries 
Advisory Council, Ministry of Pensions and National 
Insurance, as from March 1, in succession to Sir WIL- 
rriD GARRETT, K.B.E., B.Sc., who has been chairman 
of the Council since its inception in November, 1947. 


In announcing the names of the directors of the 
five newly-formed subsidiary companies of the 
ENGLISH STEEL CORPORATION LTD., Sheffield, 9, on 
page 135, ante, we regret that we gave the Christian 
name of Mr. F. PickwortnH, the chairman of the 
five companies, as Frank. This should, of course, 
have been Frederick. 


Dr. PERCY DUNSHEATH, C.B.E., M.A., has been 
elected an honorary member of the Conférence 
Internationale des Grands Réseaux Electriques, on 
the proposal of the British Committee. 


Mr. W. Owen, M.I.Mech.E., chief designer and 
research engineer of the gear-hobbing machine 
section of Craven Brothers (Manchester) Ltd., 
Vauxhall Works, Reddish, Stockport, and a com- 
mittee member of the Admiralty-Vickers Gearing 
Research Association and the Gearing Section of the 
British Standards Institution, retired on January 31. 


Mr. R. M. FAIRFIELD, B.Sc. (Eng.) (Lond.), 
M.LE.E., M.I.Mech.E., has joined the board of 
British Insulated Callender’s Cables Ltd., as director 
of production and engineering. 

Mr. C. W. CHANDLER has been appointed manager 
of the Hibbert Street Works, Luton, Bedfordshire, 
of George Kent Ltd., where fractional horse-power 
electric motors and meter dials are manufactured. 


Mr. B. N. H. THORNELY, a director of the Northern 
Aluminium Co. Ltd., Bush House, Aldwych, London, 
W.C.2, has been made secretary, in addition to his 
other duties. Mr. E. A. TricG, formerly with the 
Aluminum Co. of Canada Ltd., has been made 
chief financial officer and Mr. J. MAson, formerly 
assistant treasurer, is now chief accountant. 


The directors of Power Jets (Research and Develop- 
ment) Ltd. announce the appointment to the board 
of CAPTAIN (E) E. A. G. WHITTLE, R.N., and Mr. 
J. H. PircHrorp, M.A., M.I.Mech.E., managing 
director of Ricardo & Co. Engineers (1927) Ltd. 
CaPTAIN (E) E. J. H. Kirpy, D.S.C:, R.N., has 
resigned from the board on change of Admiralty 
duties and REAR ADMIRAL W. G. CowLAND, C.B., 
has resigned owing to pressure of other work. 


Mr. GEORGE VAUGHAN has been appointed works 
manager of the Dunlop Rubber Co.’s factory at 
Brynmawr, South Wales, and Mr. J. W. TIDSWELL 
works manager of the firm’s Hirwaun factory. They 
succeed Mr. B. J. HAILL who held both appointments 
until his promotion to the position of works manager 
at the company’s Cambridge-street, Manchester, 
factory. 


Mr. D. CoLpriIpDGE has been appointed chief 
methods engineer of A.P.V.-Paramount Ltd., Craw- 
ley, Sussex. 


Dr. W. A. HAYWARD, works manager of the 
Ruabon factory of Monsanto Chemicals Ltd., 8 
Waterloo-place, London, S.W.1, has been made 
assistant to the managing director, Mr. P. A. 
SINGLETON. Dr. HAYWARD will establish his head- 
quarters as technical liaison officer in St Louis, 
US.A., in September, 1955. Mr. E. V. WEEKES, 
formerly area manager at the Ruabon factory, is 
appointed works manager in succession to Dr. 
Hayward. 


Mr. W. YounG, a senior engineer and ship sur- 
veyor in the London district Marine Survey office 
of th. Ministry of Transport and Civil Aviation has 
been appointed principal officer of the West of 
Scotl:nd Survey district, Glasgow. He succeeds 
Mr. G. BurDON, B.Sc., whose appointment as 
depu'y Engineer Surveyor-in-Chief was announced 
on p: ge 749 of our issue of December 10, 1954. 


Th: Society of Motor Manufacturers and Traders, 
148, Piccadilly, London, W.1, announce with regret 
that its connection with Mr. R. GRESHAM COOKE, 
the ¢ rector of the Society, has. been severed following 


his election as a Member of Parliament. A reorgan- 
isation of the Society has now taken place. Mr. 
STANLEY ERNEST CLARK, O.B.E., A.C.A., has been 
appointed chief executive officer. 

Mr. T. H. Burret has been appointed package 
co-ordinator to the Vacuum Oil Co. Ltd., Caxton 
House, London, S.W.1. 

The Teddington Group of Companies announce 
that Mr. V. C. Mites is returning to their Sunbury 
Works to take up the appointment of assistant sales 
manager for the British Thermostat Co. Ltd. Mr. 
L. E. NICHOLLS has succeeded Mr. Miles as Midlands 
Area manager for the Group. 

The Metropolitan-Vickers Electrical Co. Ltd., 
Trafford Park, Manchester, 17, announce that Mr. 
R. P. Hortock, B.Sc., A.C.G.I., M.LE.E., has 
transferred to the Méetropolitan-Vickers Electrical 
Export Co. as manager for Canada. Mkr. R. S. D. 
BAGNALL, D.F.H., M.ILE.E., has succeeded Mr. 
Horlock as manager of the firm’s Sheffield office. 
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COMMERCIAL 


THE GENERAL ELEctRIC Co. Ltp., Magnet House, 
Kingsway, London, W.C.2, have purchased a works 
at Dudley Port, Staffordshire, to augment their 
manufacturing facilities for electric-traction equip- 
ment. The new premises will provide an additional 
100,000 sq. ft. of factory space and will be in full 
production in 12 months. 

OscaR FABER & PARTNERS inform us that their 
St. Albans address has been changed to Torrington 
House, Holywell Hill, St. Albans, Hertfordshire. 
(Telephone (unchanged), St. Albans 5561-2.) 

ForGE Cratt (Woop Green) Ltp., Crawley-road, 
London, N.22, have now moved the whole of their 
works to a complete flew modern factory, at Brown- 
fields, Welwyn Garden City, Hertfordshire. (Tele- 
phone: Welwyn 3356.) 
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“ THE COMET AND DESIGN 
AGAINST FATIGUE ” 


The special article by Professor W. J. Duncan, 
C.B.E., F.R.S., on “The Comet and Design 
against Fatigue,” which was published in last 
week’s issue of ENGINEERING, has been reprinted. 
Copies are available for 3s. each (reduced 
rates for 12 or more) from The Publisher, 
ENGINEERING, 35 and 36, Bedford-street, Strand, 
London, W.C.2. 


= ® *® 


ELECTRICITY SUPPLY IN JANUARY 


During January, 1955, 7,247 million kWh were 
sold by the British Electricity Authority to the 
Area Boards. This was an increase of 11-7 per 
cent. over the figure for January, 1954. When 
corrected for the weather conditions, which 
were colder than a year earlier, and for the 
number of effective working days, which were 
less, the increase was, however, 11-9 per cent. 

The amount of electricity sent out by the 
Area Boards during January, 1955, was also 
7,247 million kWh, of which, however, 147 
million kWh were supplied direct by the Central 
Authority. The increases in the amounts sent 
out, compared with the corresponding figures in 
January, 1954, were 10-5 per cent. in the “* mainly 
industrial’? and 11-8 per cent. in the “ mainly 
non-industrial *’ areas. 
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CONTRACTS 


Motor Vehicles.—An order for 48 Arab double-deck 
and underfloor-engined chassis has been received 
by Guy Motors Ltb., Wolverhampton, from the 
African Transport Co. Ltd. Also from Africa has 
come an order, from the Post and Telegraph 
Department, Kenya, for seven 14 ft. 9 in. wheelbase 
Otter lorry chassis and cabs, with GARDNER 4LK 
engines. An order for 32 lightweight underfloor- 
engined Arabs, with GARDNER engines, and five 
Arab double-deck vehicles has been placed with 
Guy Motors Ltd. by the Northern General 
Transport Co. Ltd. Other recent orders for Arabs 
include 16 double-deck vehicles for Western S.M.T., 
Kilmarnock; eight double-deck vehicles for 
Maidstone and District Motor Services Ltd.; four 
double-deck vehicles for Newport Corporation 
and three single-deck vehicles for Accrington 
Corporation. 

Sulphuric Acid Plant.—THE Power-GAs CORPORA- 
TION. Ltp., Stockton-on-Tees, have been awarded 
a contract for the reconstruction of an existing 
sulphuric-acid plant at the Flixborough Works of 
Nitrogen Fertilisers Ltd. The new equipment 
will be built to the designs of CHEMIEBAU Dr. A. 
ZIEREN G.M.B.H., and will comprise a converter 
unit with a capacity of 140 tons a day of mono- 
hydrate, an acid separator, waste-heat boiler and 
ancillary equipment. The programme for the 
installation of the equipment has been carefully 
planned to reduce to a minimum the inconvenience 
of shutting down the existing plant. 


Wheel-Forging Press.—An order to build a hydraulic 
wheel-forging press of a power of 6,000 tons has 
been placed with the Davy AND UNITED ENGINEER- 
ING Co. Ltp., Sheffield, by the Société Anonyme 
des Aciéries et Forges de Firminy, France. The 
press will be similar to one of the same power. 
built by Davy-United for Steel Peech and Tozer 
some six years ago. It will be installed in the 
French firm’s works at Malo-les-Bains, two or three 
miles north of Dunkirk, and will be supplied 
together with two 600-h.p. hydraulic pumps, a 
400-gallon air-hydraulic accumulator, a hydraulic 
intensifier and other ancillary equipment. The 
new press will be capable of forging solid railway 
wheels up to 45 in. diameter. It is expected that 
the greater part of the manufacture will be carried 
out in the works of Davy-United’s Glasgow sub- 
sidiary company, DUNCAN STEWART & Co, LTD. 

Grain-Handling, Storage and Processing Plants. 
Agreements in the fulfilment of a contract made 
a year go for the building of four grain elevators, 
three flour mills, 15 plants for the manufacture of 
animal feeding stuffs, and five mobile pneumatic 
grain-handling plants and sets of seed-grain- 
cleaning plants, have now been completed between 
StmoN HANDLING ENGINEERS LtTD., Stockport, 
and the Turkish Government. The firm will build 
and equip grain elevators at Mersin, Ankara and 
Konya and will equip a grain elevator at Tekirdag. 
The elevators will provide together 240,000 tons 
of grain storage accommodation; the largest, at 
Mersin, will have a capacity of 100,000 tons. 
HENRY SIMON LtTD., an associated company, will 
equip one flour mill at Konya and also two others. 
This firm will also supply the machinery for the 
animal feeding-stuffs plants. The contract amounts, 
in the aggregate, to the equivalent of £84 million 
sterling, of which nearly £54 million represents 
machinery, equipment and technical services, to be 
supplied from the United Kingdom. The remain- 
ing £3 million will be paid directly in Turkish 
currency. 

Boiler Plants.—The British Electricity Authority have 
entered into commitments to place the contracts 
shown below for boilers and condensing and feed- 
heating plants associated with 60,000 kW turbo- 
alternators for new power stations in the construc- 
tion programmes for 1959, 1960 and 1961. 





| For Commissioning in 











Contractors and Power Station Capacity 
1959 1960 1961 
Boilers 
Foster WHEELER, LTD.— 
Aberthaw ae - we .| 3, each of 755,000 Ib. per hour | One One One 
MITCHELL ENGINEERING LTD.— 
Portishead ap oe ; ..| 4, each of 300,000 Ib, per hour Two Two — 
Skelton Grange .. ..| 4, each of 550,000 Ib. per hour One Two One 
Uskmouth “ B” be ae .| 4, each of 550,000 Ib. per hour One One Two 
JOHN BROWN LAND BoILers Ltp.— 
Belvedere .. ee whe <4 ..| 6, each of 550,000 Ib. per hour : | Two Two Two 
Elland... aa ae sid .| 2, each of 550,000 Ib. per hour - One One — 
Condensing and Feed Heating Plants | 
VICKERS-ARMSTRONGS LTp.— 
Elland... . A a One One a= 
Uskmouth “B” — One One Two 
Belvedere .. — | Two Two Two 
Marchwood — | One Two a 
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MAKING THE BEST OF FUEL 
Instruments and Advice 


When the Government introduce their Bill for 
the abatement of atmospheric pollution and 
smoke, which they have promised to do this 
session, many industrialists will have to look 
to their furnaces. It seems almost certain that 
they will have to eliminate dark smoke under 
pain of a summons, but for whatever reason they 
eliminate the smoke they will find compensa- 
tions. Emission of dark smoke generally means 
that insufficient air is being supplied for com- 
bustion; on the other hand, if too much air is 
supplied, useful heat is expelled from the 
chimney in the waste gases. Regulation of a 
furnace to run under the right conditions for its 
load is a job that needs not only a skilled 
operator, but also reliable instrumentation. 

Speaking at an exhibition of control instru- 
ments for furnaces and boiler plant on February 
10, 1955, Sir Ernest Smith, C.B.E., D.Sc., 
F.R.LC., emphasised these points. He also 
said that the Smoke Abatement Society (of which 
he is president) had as their main objective the 
avoidance of waste; waste was manifested in 
four spheres, fuel, health, corrosion and agri- 
culture. 

The second speaker at the exhibition was 
Mr. L. Clegg, M.B.E., A.M.I.Chem.E., F.Inst.F., 
Chief Engineer of the National Industrial Fuel 
Efficiency Service (N.I.F.E.S.). He said that to 
promote smokeless combustion and the greatest 
efficiency, every boiler should have at least four 
instruments: a draught gauge; a CO, or oxygen 
recorder or indicator; a flue gas temperature 
recorder or indicator; a smoke density alarm, 
indicator or recorder. The stoker could then 
see whether the air being supplied was the right 
quantity for the load, adjustments could be made 
as soon as they were needed, and the saving in 
fuel would be appreciable. 


ADVICE ON FUEL SAVING 


The exhibition was arranged by the British 
Industrial Measuring and Control Apparatus 
Manufacturers’ Association, and engineers of 
N.L.F.E.S. were also present. Smoke abatement 
and fuel efficiency go hand in hand, and many 
industrialists will find that if they have fuel- 
saving equipment in their factories it is unlikely 
that they will have to take further measures to 
prevent the emission of smoke and grit. The 
way in which the advisory service works is set 
out in a booklet called The Four-Way Service 
of N.ILF.E.S. The service as a whole is 
designed to make savings in the burning of fuel, 
in steam transmission systems, processing equip- 
ment, and space heating apparatus; the four 
types of service are classified as Codes 1, 2, 3 
and 4. Code 1 is First Aid, and is a quick 
visual examination to spot any obvious sources 
of wastage, and to recommend whether further 
examination should be made. 

Code 2 is called Operational Improvement. 
An engineer visits the factory and finds the 
conditions under which the plant will operate 
at maximum efficiency, and explains them to the 
staff. This inspection can be done periodically 
if it is thought desirable. Code 3 is Inspection 
in Detail; it is designed for those who wish to 
know more definitely where the money they 
spend on fuel is going. For example, they 
may wish to compare the efficiencies of two 
different processes; or they may want to decide 
whether expenditure on a new item of equipment 
would be justified. Under Code 3 the following 
services could be included: approximate measure- 
ment of boiler efficiencies to assess and pin-point 
scope for improvement or to estimate ability to 
carry increased loading; assessing approximate 
maximum and minimum steam demands, and 
showing incidence and effect of varying loads; 
estimating power plant performance; assessing 
performance in relation to load on gas producers, 
furnaces, kilns or other plant. 

Code 4 is a full Heat and Power Survey, 
which includes accurate measurement of effi- 
ciencies, the drawing up of heat balances and 


providing a complete picture of power genera- 
tion and utilisation. Such information would 
make it possible to plan a new extension or 
the reorganisation of an existing works. 

The address of N.I.F.E.S. is 71 Grosvenor- 
street, London, W.1. They point out in the 
booklet described above that loans can be 
obtained from the Government for approved 
fuel-saving appliances. Repayment of such 
loans may be spread out over the period during 
which the equipment is being written off for 
taxation purposes; this means that the indus- 
trialists need find no capital for the initial 
purchase, and need find nothing out of net 
resources for repayment of the loan. 
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HONOURING LEADING 
MECHANICAL ENGINEERS 


A general meeting of the Institution of Mechani- 
cal Engineers, arranged in conjunction with the 
Internal Combustion Engine Group, was held 
in London on February 18, with the President, 
Dr. R. W. Bailey, Wh.Sc., F.R.S., occupying 
the chair. He welcomed Dr. Karl Baumann, 
C.B.E., and Dr. J. A. Ringers, C.B.E., who had 
recently been elected honorary members. 

Mr. P. L. Jones, M.C., who presented Dr. 
Baumann, said that the latter had received 
his technical education at the Swiss Federal 
Polytechnic under Professor Stodola, and later 
had become his assistant. He joined the staff 
of the British Westinghouse Company, now the 
Metropolitan-Vickers Electrical Company, in 
1909, as turbine engineer, and, in 1912, had been 
appointed chief mechanical engineer. Dr. Bau- 
mann had been elected a director of the company 
in 1927 and had remained on the board until his 
retirement for reasons of health in 1949. During 
his long career he had been principally associated 
with the development of the steam cycle, and the 
advancement in power-station practice over the 
past 40 years owed much to his genius. 

Mr. A. Roebuck, who presented Dr. J. A. 
Ringers, said that he was born at Alkmaar, 
Holland, on January 2, 1885, and had graduated 
as a civil engineer at the Technological University 
of Delft in 1906. After working in Java on the 
Netherlands Indies Railway, he had returned to 
Holland in 1920 and, in 1927, was appointed di- 
rector and chief executive of the company charged 
with the execution of the Zuiderzee works, 
which included the erection of the barrage across 
the entrance of the Zuiderzee. In 1930, he had 
been made general director of the Department 
of Public Works, in 1940, Commissioner for 
Reconstruction, and, in 1941, general delegate 
for the building industry. In 1945, he became 
Minister for Public Works and Reconstruction. 
Towards the end of 1947, however, he had 
resigned and set up as a civil-engineerng con- 
sultant. In recognition of the services he had 
rendered to the British Government in 1947, in 
connection with breaches of the River Trent 
and of containing the River Welland, within its 
course, he had been made a C.B.E. 

The President then presented the award of the 
1954 James Clayton Prize to Sir Christopher 
Hinton, M.A., F.R.S., for his pioneer work in 
applying the results of nuclear research to the 
production of fissile material and industrial 
power. 


NOMINATION OF OFFICERS 


The secretary then read the following list of 
nominations by the Council for election in 
March: President, Mr. P. L. Jones; vice- 
presidents, Mr. G. Varley and Mr. H. Desmond 
Carter; members of Council, Mr. H. N. G. 
Allen, Mr. E. B. Ball, Mr. R. C. Bond, Dr. 
T. W. F. Brown, Dr. C. J. Dadswell, Mr. 
G. B. R. Feilden, Mr. S. J. Harley, Maj.-Gen. 
W. A. Lord, and Dr. W. Ker Wilson, with 
associate members, the Rt. Hon. Viscount 
Caldecote and Mr. P. McGregor Ross. The 
following nominations had also been made at 
the meeting: Mr. A. Powis Bale and Rear- 
Admiral D. J. Hoare. 
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GLASGOW’S WATER SUPF LY 


The Glen Finglas Scheme t: 
be Implemented 


Glasgow Corporation Water Department : e to 
meet the now increasing demand of the city 
by augmenting the supply to their old-estab. shed 
Loch Katrine Works with additional - ater 
obtained from Glen Finglas. The scheme, : ‘hich 
is to be put in hand next month, consists °f an 
8-ft. diameter tunnel aqueduct 24 miles long 
leading from a low intake weir in the iver 
Turk at the outlet from Glen Finglas to Loch 
Katrine. The estimated yield of the scoeme 
will be 10:3 million gallons per day (m.g.d) 
which, after allowing for some additional com- 
pensation waters gave a net additional reiiable 
yield to the city of 7-2 m.g.d. 

The present scheme is an adaptation of an 
earlier project of the Corporation, who origin- 
ally obtained the necessary Parliamentary powers 
in 1915, but which was never implemented. This 
earlier scheme proposed to develop the resources 
of Glen Finglas by means of a dam, 115 ft. high 
and 800 ft. long at crest level, giving a storage of 
3,500 million gallons. The top water level of the 
reservoir so formed would have been 515 ft. 
above ordnance datum and this would have 
supplied water to Loch Katrine, top level then 
377-9 ft. o.d., by an aqueduct similar to that 
now proposed. 

The catchment area in Glen Finglas above 
the dam site is 9,665 acres and the average annual 
rainfall 78 inches, which gave a reliable yield 
for the 1915 scheme of 20 m.g.d. to Loch Katrine 
and 10 m.g.d. compensation to the River Turk. 
Under the 1915 Act the compensation water to 
the River Teith was to be increased from 44} 
m.g.d. to 494 m.g.d. 

The 1915 scheme would have been undertaken 
shortly after the first world war but it was subse- 
quently found more expedient to obtain the 
additions then urgently required by raising the 
level of Loch Katrine. After 1919, however, 
the consumption of water in the city declined 
until 1932, but since 1945 it has again increased 
steadily and it has again become necessary to 
look to Glen Finglas for new sources to supple- 
ment the input to Loch Katrine. A feature of 
the scheme now adopted is the attempt that has 
been made to reconcile the two problems of 
restricting capital expenditure in the national 
interest and of yet meeting the future needs of 
the city’s water supply by constructing the new 
works in instalments, and thus saving consider- 
able sums in interest charges. 

The intake of the tunnel aqueduct has been so 
designed that it can form part of the dam if and 
when it becomes desirable to proceed further 
with the project as originally conceived. The 
automatic intake will divide the river flow so 
that between 10 m.g.d. and 70 m.g.d. will pass 
to Loch Katrine. No water will be abstracted 
when the River Turk drops below 10 m.g.d., 
most of which will pass through the oriface-type 
fish pass in the river weir. The abstracted water 
will pass from the intake into the 8-ft. tunnel 
leading to Loch Katrine by way of a 12-ft. 
diameter tunnel which would serve as a diversion 
tunnel when the dam was constructed. 

The main length of the aqueduct will be 
driven through the shoulder of Ben A’an; no 
intermediate shafts or addits will be practicable 
as the ground rises to a maximum of about 
700 ft. above the line of the tunnel. For the 
greater part of its length the tunnel will be 
driven through rock which will consist, it is 
expected, primarily of schist. The lining will be 
of concrete cast in situ and having a minimum 
thickness of 6 in., though arrangements will be 
made for supporting the roof by steel arches 
where the rock is poor. 

The contractors for these new works are A. A. 
Stuart and Sons (Glasgow), Limited, 2275 
London-road, Glasgow, E.2, the contract sum 
being approximately £550,000. The responsible 
engineer is Mr. Stanley D. Cavin, B.Sc. (Eng.), 
M.I1.C.E., chief engineer and general manager 
of the Water Department. 
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BRITISH STANDARDS 


The ‘ollowing publications have been issued by the 
Briti.: Standards Institution. Copies are available 
from the Sales Department of the Institution, 2 Park- 
stree., London, W.1, at the price given after each title. 


Steel Roller Conveyors. (2s. 6d., post free.) 

A new specification, B.S. 2567, is one of a series of 
stancards in course of preparation for conveyors of 
various types. It specifies important dimensions of 
the principal components of fixed and portable roller 
conveyors within the range of maximum loading 
from 10 lb. to 320 Ib. per roller. The standard does 
not apply to power-driven roller conveyors. 


Covered Electrodes for Metal-Arc Welding. (Two 
new publications: B.S. 2493, 4 per cent. molyb- 
denum steel electrodes and B.S. 2549, electrodes 
for medium-high-tensile structural steel, each 
4s. post free.) 

The first of the two specifications, B.S. 2493, covers 
the type of electrode commonly used for the welding 
of molybdenum and chromium-molybdenum steels 
operating at elevated temperatures. Basically the 
specification is the same as B.S. 639 : 1952, which 
deals with covered electrodes for the metal-arc welding 
of mild steel, except that the deposited metal is 
required to contain 0-5 per cent. of molybdenum. 

The second specification, B.S. 2549, is concerned 
with electrodes for the welding of steel having a 
tensile strength of up to 43 tons per square inch., 
such for instance as the type of steel covered by 
B.S. 968, namely high-tensile (fusion welding quality) 
structural steel for bridges, etc., and general building 
construction. 

It is emphasised that in neither of these specifica- 
tions is it possible to cover the suitability of an 
electrode for a particular type of steel for a particular 
application. It is added that it will often be necessary 
to prove the suitability by appropriate tests which 
are outside the scope of the British Standard speci- 
fications for electrodes. 
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TRADE PUBLICATIONS 


Copies of any of the following trade publications are 
obtainable from the addresses given, though distribution 
is sometimes restricted. 


Semi-Conducting Materials. Pye Ltp., Cambridge. 
Ten Years of Semi-Conducting Materials and 
Transistors. A bibliography of literature on the 
subject published over the last ten years. Over 
1,100 references divided under six main headings : 
semi-conductors—theory, measurement and pro- 
cessing; transistors—rectifiers and diodes; and 
other devices. 

Welding Electrodes. _METROPOLITAN-VICKERS ELEC- 
TRICAL Co., Ltp., Trafford Park, Manchester, 17. 
Pocket Electrode Guide describes types of electrodes 
available and suitability for different work. Such 
information as official approvals, operation, 
mechanical properties, deposit analysis and footage 
required, is given for each type. 

Frequency Convertor. LAURENCE, SCOTT AND ELEC- 
TROMOTORS, LtTp., Norwich. _ Illustrated reprint 
of an article by Mr. J. V. Woods in the L.S.E. 
Engineering Bulletin. Problems associated with 
the low speed running of alternating current motors 
are surveyed and progress made with the firm’s 
frequency convertors is reviewed. 

Oil Burners. D. E. Stutrarp, Westfield Mill, 
Mytholmroyd, Halifax, Yorkshire. “‘ Little” oil- 
burning space heaters and conversion units. 
Automatic or manual control. Seven sizes pro- 
ducing from 35,000 to 350,000 B.Th.U. per hour. 
Illustrated leaflet. 

Diamond Impregnated Tools. BritIsH AMERICAN 
OrricaL Co., Ltp., 39 Hatton-garden, London, 
E.C.1. Metal-bonded diamond-impregnated tools 
including grinding wheels, milling tools and drills. 
Illustrated booklet lists types and sizes available. 

Moving-Coil Relay Instruments. RECORD ELECTRICAL 
Co., Ltp., Broadheath, Altrincham, Cheshire. 
Relays for over-current, or voltage control and 
similar duties. Contacts can handle 5 amps. 
Il) «strated descriptive leaflet. 

Abr::.ive Powders. BRITISH AMERICAN OPTICAL Co., 
L.»., 39 Hatton-garden, London, E.C.1. ‘“* Cen- 
tr orce ” abrasive powders for all grades of work. 
Si e range from 60 mesh to 3,200 mesh (the latter, 
5 nicrons average). Leaflet. 

Sem iphore Indicators. A. REYROLLE & Co., LtD., 
Febburn, Co. Durham. Mimic diagram sema- 
P ore indicators, automatic or hand-trimmed types. 
F \mphlet 469 gives particulars. 
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BOOKS RECEIVED 


Some of the books noticed in the Books Received 
column are selected for extended review in later issues 
of ENGINEERING. 


The Light Metals Handbook. By GeorGeE A. 
Paconis. D. Van Nostrand Company, Incorporated, 
250 Fourth-avenue, New York 3, N.Y., U.S.A. 
(8-50 dols.); and Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. (63s.) 

This book is written for aircraft, industrial and civil 

engineers, fabricators and light-metal founders, and 

those responsible for developing engineering speci- 
fications. An analysis of aluminium and mag- 
nesium alloys is presented from which correct 
selection can be made by comparison of alloying 
stabilities and chemical reaction characteristics, and 
by following through the procurement stages to actual 
testing. The book is published in two volumes; 
volume I covers the text, and volume II consists of 
the tables to be used simultaneously with the text. 

Data are included on mechanical and physical 

properties, choice of alloy, casting, formability, heat 

treatment, corrosion, machinability, joining methods, 
and detailed properties of individual compositions. 


The Electricity Supply Industry in Europe. Organisa- 
tion for European Economic Co-operation, 2 Rue 
André-Pascal, Paris, \6e. (500 francs); and H.M. 
Stationery Office, Kingsway, London, W.C.2. (10s.) 

This booklet shows the recent tendencies of the 
industry and gives pointers to the prospects of 
development between 1954 and 1958. Information 
is also given on the situation in individual member 
countries in so far as it differs from the general 
tendencies observed for Europe as a whole. The 
text is illustrated by tables and graphs showing pro- 
duction by countries, breakdown of consumption by 
sectors, the extent pf power exchanges between 
countries with interconnected networks, and the 
fuel consumption of power stations. 


The Coal Industry in Europe. Organisation for 
European Economic Co-operation, 2 Rue André- 
Pascal, Paris, 16e. (300 francs.); and H.M. Sta- 
tionery Office, Kingsway, London, W.C.2. (6s.) 

This report takes the form of a comprehensive survey 

of the coal situation in Western Europe during 1953 

and 1954. It analyses the various factors which 

influence the market, including production, output 
consumption, stocks, prices and trade. The first 
part consists of a coal balance sheet for member 
countries for 1952, 1953 and 1954, and is followed 
by two partial balance sheets dealing respectively 
with the European Coal and Steel Community 
countries and the United Kingdom. The principal 
elements of the balance sheet are then analysed, 
special attention being paid to the problem of stocks. 


The Prevention of Corrosion. The British Iron and 
Steel Research Association, 11 Park-lane, London, 
W.1. (2s.) (See Weekly Survey). 


Coal: The Price Structure. Second edition. F.B.I. 
Handbook. Federation of British Industries, 21 
Tothill-street, London, S.W.1.  (2s.) 


A revision of a pamphlet, issued four years ago, 
which takes into account the price changes that 
have occurred during that period. It describes in 
detail the means by which the “ rank ” of a coal is 
determined and the various adjustments which are 
made for ash content and other factors. It has been 
prepared in collaboration with the National Coal 
Board. 


Modern Fluorescent Lighting. By A. D.S. ATKINSON. 
Second edition. George Newnes, Limited, Tower 
House, Southampton-street, London, W.C.2. (15s.) 


In this second edition, sections have been re- 
written to bring the information in line with recent 
developments, particularly in relation to colours and 
outputs. The book begins with a description of the 
principles of the fluorescent lamp and then considers 
illumination design generally. There is a long 
section, with many illustrations, on the applications 
of fluorescent lamps in factories, shops, schools, 
offices and houses. Appendices at the end give 
tabular data on mounting fittings for rooms of differ- 
ent size, and on lamp performance. 


Magnetic Alloys and Ferrites. Edited by M. G. Say. 
George Newnes, Limited, Tower House, Southamp- 
ton-street, London, W.C.2. (2\s.) 

The object of this book, which is one of the pub- 

lishers’ “‘ Electrical Engineering Progress Series,” is 

to provide information regarding recent develop- 
ments in magnetic materials and the extending range 
of available technological devices, for the benefit of 
the electrical engineer and the component designer. 
Modern views on the fundamental processes of 


magnetisation—including the domain theory—are 
given by Professor F. Brailsford in the first section 
of the book. The related subjects of materials for 
magnetic recording and magnetostriction, together 
with magnetic compensating and non-magnetic 
alloys, and soft magnetic and permanent magnet 
materials, are dealt with in other sections, the authors 
of which include Mr. F. Knight, Mr. W. S. Melville, 
oe = W. St. Leger Montague and Mr. C. Gordon 
mith. 


Studio for Sound Broadcasting. By 
Members of the B.B.C. Engineering Division. 
Edited by J. W. Goprrey. Published for ‘* Wire- 
less World” by Iliffe and Sons, Limited, Dorset 
House, Stamford-street, London, S.E1. (25s.) 

This book has been compiled by six specialists to 

aid training of the staff of the British Broadcasting 

Corporation in the principles underlying the opera- 

tional procedure employed in that body’s studios. 

The contents include an explanation of the develop- 

ment of the acoustic and electrical equipment used. 

Transmission quantities, amplifiers, studio apparatus, 

control rooms and monitoring facilities are also dealt 

with. The Corporation’s own communication system 
is described. The technical level is practical rather 

than academic. . 


Methods for the Detection of Toxic Gases in Industry: 
Leaflet No. 10: Chlorine. Revised edition. Pub- 
lished for the Department of Scientific and Indus- 
trial Research by H.M. Stationery Office, Kingsway, 
London, W.C.2. (9d.) 

The original leaflet was published in 1939, and in the 

present revised edition, the sections on occurrence, 

poisonous effects and first-aid treatments have been 
re-written. The method of detection is unaltered. 

A practical test for the gas, capable of detecting one 

part of chlorine per million, based on a colour 

change, is described in detail. A diagram of the 
apparatus is included. 


Electrical Trades Directory, 1955. ‘‘ The Electrical 
Journal” Blue Book. 73rd _ edition. Benn 
Brothers, Limited, Bouverie House, 154 Fleet-street, 
London, E.C.4. (50s.) 

The latest edition of this directory contains more 

than 65,000 references to firms and individuals engaged 

in the electrical and allied industries, to the equipment 
they produce and to the services they offer. These 
details are arranged in appropriate sections, cross 
reference being facilitated by an index. Progress is 
shown by the increase in the number of manufac- 
turers producing electronic equipment and by the 
inclusion, for the first time, of particulars of 
the United Kingdom Atomic Energy Authority, the 

Atomic Energy Industrial Group and the Atomic 

Energy and Atomic Weapons Research Establish- 

ments, as well as of some 20 firms making nucleonic 

instruments. 


Data Book for Civil Engineers. Vol. III: Field 
Practice. By ELwyn E. SEELYe. Second edition. 
John Wiley and Sons, Incorporated, 440 Fourth- 
avenue, New York 16, N.Y., U.S.A. (7-50 dols.); 
and Chapman and Hall, Limited, 37 Essex-street, 
London, W.C.2. (60s.) 

This is the third volume of a series of three forming 
the author’s Data Book for Civil Engineers; the first 
volume concerns Design, the second Specifications 
and Costs, and this present volume Field Practice. 
Written to American standards, the volume deals 
with the practice of soil mechanics and concrete 
technology, steel erection and timber technology, site 
surveying and setting out, as well as with building 
trades. Some brief notes are given on construction 
equipment such as excavators, mixers, compressed- 
air tools, etc. A manual intended for both young 
engineers commencing their career and the experi- 
enced contractor’s agent. 


Standards for a Strong America. Proceedings of the 
Fifth National Conference on Standards and the 
36th Annual Meeting of the American Standards 
Association. American Standards Association, 70 
East 45th-street, New York 17, N.Y., U.S.A. 
(3 dols.) 

The title of this book is that of a lecture which was 

delivered by Mr. R. E. Gay at the fifth national con- 

ference of the American Standards Association in 

November, 1954. This emphasised the increased 

interest which has taken place in standardisation 

during the past few years in the United States. The 

40 papers, which were read at the conference on 

such subjects as components for electrical circuits, 

progress in power switchgear, the development of 
world-wide turbine standards and colour television, 
are also reproduced. 
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BOOK REVIEWS 


Copper: The Science and Technology of the Metal, 
its Alloys and Compounds. Prepared under the 
Editorial supervision of ALLISON BuTTS. 
American Chemical Society Monograph No. 
122. Reinhold Publishing Corporation, Book 
Division, 330 West 42nd-street, New York 36, 
N.Y., U.S.A.; and Chapman and Hall, Limited, 
37 Essex-street, London, W.C.2. (160s.) 

One hundred and fifty years ago the world 
production of copper totalled 10,000 tons only, 
and of this the industries of Birmingham absorbed 
nearly 2,000 tons. The North-American contri- 
bution was then negligible. The present world 
output of copper is upwards of 24 million tons, 
nearly a third coming from the United States. 
If the metal produced in British territories be 
added to the American figure, no less than three 
quarters of the world’s copper is controlled by 
the English-speaking peoples. In a great mea- 
sure this stupendous growth of copper smelting 
is a reflection of American enterprise, while the 
modern technology of copper production, though 
not of using the metal, derives largely from 
American research and development. This book 
enshrines the wisdom of a team of American 
specialists, for only one chapter—giving a 
highly-theoretical account of the physical chemis- 
try of copper—has been written by an English- 
man. The volume is probably the most ambi- 
tious and complete contribution to the technology 
of copper production that has so far appeared, 
and it is likely to hold the field for a long time. 

The editor has gathered an excellent team of 
53 authors to deal with his separate divisions 
of the subject. Understandably, the contri- 
butors seem not to have conceived their tasks 
uniformly. The various sections betray con- 
siderable differences of outlook, though each 
does full justice to its author’s conception of 
what should be provided. A certain amount 
of repetition was probably inevitable in such a 
vast compilation, for the topics are so minutely 
differentiated that some overlapping is unavoid- 
able. Though the repetitions might be very 
noticeable if the book were read right through, 
the y are not likely to irritate the reader seriously. 

Since the book contains 46 separate sections 
it would be tedious to list them, and to analyse 
them is an impossibility. The main topics round 
which the chapters arrange themselves are: the 
technology of all methods of copper production 
and its subsequent refining and casting; the 
properties of copper and their modification by 
the introduction of alloying elements; the cast- 
ing, and the working, both hot and cold, of 
copper alloys; the beneficial employment of 
copper or its alloys in a variety of fields such as 
the building and motor-car industries and in 
armaments and agriculture. These headings 
account for most of the chapters, the remainder 
dealing, respectively, with metallography, analy- 
tical chemistry, physical chemistry, copper in 
organic chemistry and copper in biology. 

It is probable that this book will not be read 
as a whole and that its several,; main, sections 
will appeal to separate groups of readers. This 
may justify some of the repetitions. In most 
sections the matter provided is fully sufficient, 
and complete enough, to inform both students 
and industrialists, As it should be, the instruc- 
tion offered is more appropriate to technologists 
than to technicians: but what is called the prac- 
tical approach is rarely neglected, though it may 
not be found in the same section as its full 
theoretical explanation. As an example, the 
treatment of the technology of smelting and 
refining, given in the opening chapters, is quite 
distinct from the important chapter on the 
thermodynamics of smelting. This latter is 
followed by an admirable and very full expositon 
of electrolytic refining, in a chapter packed with 
detailed information. In it, as throughout the 
book, the illustrations are excellent and really 
provide what an inquiring reader should be 
seeking. 

The various aspects of copper production 
naturally make a fairly compact whole; the 
chapters on the properties of the metal and its 


alloys similarly fall together very comfortably; 
but the sections that follow may not be quite so 
attractive, particularly to non-American readers. 
It may be inevitable that an American book 
should regard American products only, using 
designations, names and specifications that are 
well known in the United States. It is however, 
a little disappointing that so much of the chapters 
on foundry alloys and wrought alloys consists 
of immense tabulations of American materials 
and that they contain relatively so little of 
what might be called fundamental matter. It is 
surprising too that such an interesting material 
as beryllium bronze, possessing almost unique 
properties, receives only the barest mention. 
Another disappointment is that the book 
nowhere considers the casting of copper alloys 
into ingots and billets for later fabrication into 
the various wrought forms that absorb such a 
high proportion of the world’s copper. As a 
consequence, the work omits to deal with the 
important modern developments in the con- 
tinuous casting of copper alloys, such as the 
Junghans-Rossi method. The chapter on alloy 
casting, in fact, treats the subject in a very 
general way and deals rather inadequately with 
the real technological problems encountered in 
factories. 

Such an approach, however, is not characteristic 
of the book as a whole, and though the work 
has some minor imperfections, it is a magnificent 
production, easy to read, beautifully printed, 
highly informative, encyclopaedic in some 
sections, and most commendable as a book for 
reference. It is admirably indexed. 


' 
Water Supply and Waste-Water Disposal. By 
G. M. Farr, J. C. GEYER and J. C. Morris. 
John Wiley and Sons, Incorporated, 440 Fourth- 
avenue, New York 16, N.Y.,. U.S.A. (15 dols.); 
and Chapman and Hall, Limited, 37 Essex- 
treet, London, W.C.2. (120s.) 


Water Conditionjng for Industry. By SHEPPARD 
T. PoweLtt. McGraw-Hill Book Company, 
Incorporated, 330 West 42nd-street, New York 
36, N.Y., U.S.A. (9 dols.); and McGraw-Hill 
Publishing Company, Limited, 95 Farringdon- 
street, London, E.C.4. (64s.) 


As will be clear from their titles, these two books 
are concerned with cognate subjects. They, 
however, are of altogether different types. 
Using the words in the senses in which they are 
employed in formal Logic, Professors Fair, 
Geyer and Morris treat their subject in extension; 
Mr. Powell treats his in intension. The first 
book is a review of the whole subject of the 
collection of water from rivers or wells to its 
disposal in the form of sewage. Although the 
book contains 973 pages, its range is so great, 
and the number of matters dealt with so large, 
that each can be treated only in broad outline; 
for instance, the important subject of the disposal 
of industrial waste waters is dismissed in 17 
pages. The second book, on the other hand, 
treats every aspect of its more restricted subject 
in meticulous detail. 

These remarks are not intended to reflect on 
the quality of either of these books; they are 
intended to indicate their nature. The authors 
of the first, state that it is intended for students 
whether “* in college or established in practice.” 
It is added, that each half of the book should 
readily be covered in a semester (college half 
year) of instruction. The first half deals with 
the collection and distribution of water, the 
second with treatment and disposal. It is stated 
that the book is concerned with principles rather 
than practice. In as far as it is looked upon as 
a students’ manual, it constitutes a clear and 
comprehensive review of its wide subject. It 
ranges over hydrology, the collection and dis- 
tribution of water, drainage, and sewage treat- 
ment and disposal. The application of the 
principles with which it is concerned is instruc- 
tively explained by large numbers of outline 
drawings of apparatus and plant. 

A feature of the book demanding mention is 
that it has a bibliography occupying 24 pages 
and containg 517 entries. This compilation 
may be of value to a user of this book who is 
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** established in practice,” but to a studen: 
a surfeit of references might be disadvant: 
rather than useful. A point in connectio 
this bibliography which should be mentic 
that the whole of the 517 entries rel. 
American or British publications. It can 
supposed that the authors of this volun 
unaware of the fact that important contrit 

to their subject have been made on the Co; 
of Europe. Had they been compiling a | 
graphy intended only for students, they 

reasonably have restricted it to a compar cively 
brief list of easily-accessible material. They 
would appear, however, to have set out to p ovide 
a complete guide to the literature of their s: bject, 
What they have produced is a one-sided Liblio. 
graphy, not an authoritative one. In a lesser 
degree, the same criticism applies to the some 
300 bibliographical references given in Mr. 
Powell’s volume. They are mainly American but 
at least eleven German and three French sources 
are quoted. 

Mr. Powell points out that “ water purifica- 
tion satisfactory for municipal uses is frequently 
wholly unsuited for many industrial processes.” 
This remark applies to various food-processing 
trades; but the matter to which the book pays 
particular attention, and which occupies a !arge 
part of its bulk, is the important one of the 
treatment of boiler-feed water. It is likely that 
most operators of boiler plants in this country 
are able to obtain clean feed water from a public 
supply, although it may frequently be unduly 
hard, It would appear to be assumed in this 
book, however, that water may be drawn 
directly from a river and the earlier chapters are 
concerned with the treatment of raw water by 
coagulants and filtration. This matter is foi- 
lowed by three chapters concerned with water- 
softening processes and at once enters on a 
branch of its subject important in connection 
with boiler feed. The matter is divided into 
sections dealing respectively with cold-process 
softening, hot-process softening and __iop- 
exchange. In each case, the chemistry of the 
method is dealt with, illustrations of plant being 
given and the necessary operational procedure 
described. 

The design and operation of evaporators are 
then considered, pre-treatment to avoid scaling 
being recommended. The next section deals 
with the de-aeration of feed water. The book 
then enters on the subject of the internal treat- 
ment of boiler water with chemicals. This 
matter has been the subject of much controversy 
in the past and it is recorded that in many cases 
treatments applied without adequate chemical 
knowledge have frequently done more harm 
than good. It is stated that of 28 ingredients 
frequently present in boiler compounds, 12 were 
found to be “ frauds.” Mr. Powell, however, 
considers that internal treatment is well estab- 
lished on a scientific basis and he deals with 
recommended materials and methods. Those 
responsible for the operation of large power- 
station boiler plants are not likely to rely on 
internal treatment, but it may usefully be em- 
ployed with small plants and moderate pressures 
if good feed water is available. The latter part 
of this informative book deals with matters 
which may arise largely as a result of inadequate 
feed-water treatment. Caustic embrittlement is 
dealt with in scientific detail and there is a useful 
chapter on the identification of boiler scales. 
The chemical cleaning of plant and analytical 
procedures are covered in the _ succeeding 
sections. 
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In an article entitled ‘ Low-Friction Fluid 
Seals,” published on page 153 of the issue of 
February 4, 1955, it should have been stated 
that the header or spreader ring incorporated 
in the Lion “ Twinset ” packing made by James 
Walker and Company, Limited, Woking, Surrey, 
served, in addition to its other functions, to 
permit expansion of the lips by mechanical 
means should gland adjustment be required. 
Moreover, in the spring-loaded header, the 
method by which the spring assemblies are 
located in the header is patented. 
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THE BRITISH AIRCRAFT INDUSTRY 


Me:sured in terms of output and of exports the 
year 1954 was something of a disappointment for 
the aircraft industry, though fundamentally 
there was no real change in the basic prosperity 
of the industry. With only a slight setback in 
June, the numbers employed in the manufacture 
and repair of aircraft increased steadily through- 
out the year and reached the record total of 
237,300 in October, compared with 214,700 in 
June, 1953, and 227,300 in December, 1953. 
The numbers are given in Fig. 1. The Comet 
disaster caused considerable dislocation, and 
delays in connection with the Britannia together 
with the delivery of military aircraft have post- 
poned the achievement of maximum output both 
for the home market and for export. However, 
having regard to the great success of the Viscount 
and the leadership enjoyed by British manufac- 
turers Of turbo-jet engines, there is little reason 
to doubt the continued prosperity of the industry 
as a whole. Export figures are shown in Fig, 2. 

The figures for the output of the industry 
which form the basis of Fig. 3 exclude military 
aircraft except those produced for export, and 
in fact the decline in output from 628 aircraft in 
1953 to 388 in 1954 has been offset by increasing 
deliveries of military aircraft to the armed forces. 
During the financial year 1954/55 expenditure on 
R.A.F. aircraft was estimated at £156 million, 
approximately £16 million more than in the 
preceding year, and about 80 per cent. of the 
total was to be spent on jet aircraft. During 
the year both the new swept-wing fighters, the 
Hawker Hunter and the Supermarine Swift, were 
held up by technical difficulties, and considerable 
anxiety was expressed at the end of the year at 
the slow rate at which these aircraft were becom- 
ing available. However, the Under-Secretary of 
State for Air stated in December that three 
Hunter Squadrons had been formed and enough 
aircraft would soon be available to form as many 
more. 

A major decision was taken during the 
Spring with the object of reducing the time 
lag between the design of a new aircraft and the 
time when it becomes available in quantity 
production. The Government decided to scrap 
the former method of ordering only one or two 
prototypes, and to supplement a prototype order 
with a much larger pre-production batch. This 
was intended to minimise delays due to accidents 
to the prototype, and in addition it was intended 
that progressive modifications found desirable 
during test should be made to the later machines 
comprising the pre-production batch, thus avoid- 
ing delay in the early stages of quantity produc- 
tion. It is understood that with both the Swift 
and the Hunter, the first production model 
showed faults that had not been suspected on the 
prototypes. The first aircraft to benefit from 
the new procedure is the English Electric P1, a 
fighter capable of supersonic speed in level flight, 
which made its first flight from Boscombe Down 
in August. In addition to the usual prototype, 
the Ministry of Supply have ordered some 20 
pre-production aircraft for development trials. 
Another change in procedure, which may well 
prove even more important, is that it is intended 
that initial orders shall in future be for fully 
equipped aircraft, complete with electronic 
equipment and armament. This would permit 
designers to draft their own specification for 
electronic equipment and thus avoid a great 
dea! of subsequent modification. 

It is as yet too early to say how far these 
changes will help to shorten the time required 
to ring a new aircraft into service, a problem 
whi :h has received a great deal of attention since 
before the war. In the opening paper to the 
thi: 1 annual aircraft production conference held 
at Southampton in January last the Principal 
Dirsctor of Research and Development (Air- 
cra.t), Ministry of Supply, illustrated the com- 
ple sity of modern aircraft by pointing out that in 
199 a fighter cost £7,500 and a bomber £20,000; 


at the present time fighters cost about £100,000 
and bombers £500,000 and in the next generation 
these figures might double in real terms. A 
new bomber requires about 135,000 jigs and tools, 
and the weight of its electrical and radio equip- 
ment is about 60 times as great as that of a 
prewar bomber. The cost of tooling up for 
the production of a new type of aircraft is 
enormous, and the high cost of modern. planes 
prevents ordering even for military purposes on 
anything like the scale of the last war. The 
tentative conclusions to be drawn are that the 
great production effort required should not be 
dissipated by being spread over too many new 
developments and that every effort should be 
made to reduce the complexity and high cost of 
modern aircraft insofar as this is compatible 
with achieving the performance required. Mr. 
Petter, managing director of Folland Aircraft 
Limited, developed this point in the concluding 
paper, contending that the industry is trying to 
develop more designs than the small body of 
experts can cope with. During the discussion 
Professor E. J. Richards also brought up this 
point. 

During the past year there has been a good 
deal of controversy on this subject in connection 
with the development of the Folland Gnat, of 
which a lower powered prototype made its first 
flight in August, 1954. This is a small, light and 
structurally simpl¢ high-speed fighter which, it is 
claimed, can be manufactured at about one-third 
of the cost and with a labour content of about 
one-fifth of that required for the Swift or the 
Hunter. The armament and electronic equip- 
ment are restricted in order to keep the weight 
down to about 6,000 Ib. compared with 18,000 Ib. 
for a modern standard fighter. Up to the present 
the Gnat has been developed without assistance 
from the Government and its future must depend 
on the performance achieved in the various 
trials now taking place. Whether or not there 
is scope for such a machine in the defence of this 
country, there are many NATO countries which 
cannot afford, without American aid, to buy 
standard fighters in numbers adequate for 
defence, and it would seem that if the company 
can secure an initial production order, there 
may well be a substantial export demand for 
this machine. 

Apart from direct Government orders, output 
of military aircraft is dependent in large measure 
on United States offshore procurement orders 
for NATO countries, and on mutual defence 
assistance under which the United States 
contributes towards the cost of aircraft manu- 
factured in this country and required by the 
United Kingdom forces ‘‘ for the defence of the 
North Atlantic area.”” By December, 1954, 
offshore procurement contracts had been placed 
to the value of 103 million dols. These covered 
Hunters, Javelin all-weather fighters, Sapphire 
engines, and also armaments, all for use by the 
Royal Air Force. The special assistance pro- 
gramme for the year ending June, 1955, covers 
more than 350 jet bombers and fighters including 
Valiant V-class four-jet bombers. About 70 per 
cent. of the cost is borne by the United States, 
and the total aid under the current scheme 
amounts to 85 million dols. By December, 
1954, about 200 aircraft had already been 
delivered under the programme. 

Owing to the rapid rate of technical development 
and the difficulties that may at any time arise 
in connection with particular aircraft, it is 
impossible to forecast the trend of military 
aircraft production for any considerable period 
ahead, the initial stage of re-equipment of the 
fighting services now appears to be reasonably 
settled. As regards fighters, reliance is placed 
on the Hawker Hunter, the Supermarine Swift 
and the Gloster Javelin, though only the Hunter 
has so far received final approval and reached 
the stage of quantity production. Arrangements 
have also been made for quantity production of 


235 


Fig. 1 Employ- 
ment of men and 
women in the air- 
craft industry (both 
manufacture and 






repair) continued , 
to rise. Si 

“ 

17 

1 


16 
1 


15 

1 

14 
35 
30) 








1 
Women 





25 
20 
June June Oct. 

1950 1952 1954 
June 

1953. ‘ENGINEERING 
the Swift, but the first squadron formed of these 
aircraft was grounded for modification after an 
accident and in the White Paper published on 
February 16, it was stated that the Swift Marks I 
to III cannot be brought to operational standard, 
though it is possible that after modification the 
Mark IV may be brought into service. At the 
works of the Gloster Aircraft Company, produc- 
tion of the Meteor has now ceased and that of the 
Javelin is being built up in its place. Contracts 
have been placed for the Hunter by Sweden, 
Denmark, Holland and Belgium, and in the two 
latter countries this aircraft is to be produced 
under manufacturing licence. Apart from any 
possible change of policy, such as the purchase of 
a light fighter of the type of the Gnat mentioned 
above, it would appear that R.A.F. fighter 
squadrons will rely on these three aircraft until 
the supersonic fighters are ready for service. As 
already mentioned, a pre-production batch has 
been ordered of the first of these to reach the 
flight stage, namely, the English Electric Pl, 
while research contracts have been allotted for 
the Fairey FD1 and the Boulton Paul PI11A. 
It was recently announced that the Royal Navy 
had placed a substantial order for the de Havil- 
land 110 all-weather fighter, which was rejected 
two years ago by the R.A.F. in favour of the 
Javelin. It is expected that delivery will begin in 
about two years. 

In the long term, the future of fighter aircraft 
production may be considerably influenced by 
the development of guided missiles. This is a 
field in which the Government have maintained 
a high degree of secrecy, but early this year the 
Under-Secretary of State for Air announced 
that production orders had been placed for 
air-to-air missiles of British design. These will 
greatly increase the striking power of day and 
all-weather fighters. Other types of guided 
missiles in the development stage include 
surface-to-air, air-to-surface and _ surface-to- 
surface missiles. The first of these may mark 
the first stage in the extinction of the piloted 
fighter. It has been stated that missiles capable 
of speeds exceeding 2,000 miles per hour and 
heights above 50,000 ft. have been developed, 
and it may well be that only missiles of this type 
will be capable of intercepting supersonic-speed 
bombers when the latter are brought into 
general use. 

In the heavy bomber field some disquiet has 
recently been expressed that none of the new 
aircraft are yet being produced in quantity. 
The Under-Secretary of State for Air, however, 
stated on February 9 last that the first operational 
squadron was at the moment being re-equipped 
with Vickers Valiant bombers while the Handley 
Page Victor and the Avro Vulcan were expected 
to be in service next year. Requirements of 
transport planes have been provided for by 
ordering the Vickers V.1,000 and the Blackburn 
Beverley; the latter is now in production. 

While there is at present little sign of any 
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Fig. 2 The appar- 
ent fall in output 
during the year was 
balanced by the 
deliveries to the 
Armed Forces. 
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improvement in international conditions such 
as might permit a reduction in the demand for 
military aircraft, it is nevertheless to the civil 
aviation field that the British aircraft industry 
must look for a further large expansion in 
output. The suspension of work on the Comets 
caused a great deal of dislocation to the industry, 
not only to the de Havilland Aircraft Company 
but also to other companies producing Comets 
on sub-contract, and was probably the main 
reason why production and exports fell short 
of the 1953 totals. With the suspension of 
work on the Comets the de Havilland Aircraft 
Company were forced to discontinue overtime 
working and this resulted in the loss of about 
500 employees. Later in the year the company 
had to resume overtime working in order to 
meet their heavy programme of military work, 
but it may not be easy for them to expand the 
labour force again when full production is 
resumed on the Comet. Short Brothers and 
Harland, Limited, who were engaged in the 
production of 15 Comet 2 aircraft were also 
seriously affected, and in June were compelled 
to dispense with about 850 employees. 


SUCCESS OF THE VISCOUNT 

The outstanding development in the field of 
civil aircraft during the past year has been the 
success of the Vickers Viscount. By the end 
of the year orders received totalled 177, valued 
at £53 million, and there were outstanding options 
for a further nine. Of the total orders, 131, 
valued at £40 million, were for export, of which 
£30-3 million represent exports to dollar coun- 
tries. This places the British aircraft industry 
among the four largest single dollar earners, the 
other three being motor vehicles, whisky and 
woollen goods. The largest order, comprising 
60 aircraft, was that placed by the U.S. Capital 
Airlines, and the confidence which this company 
has in the Viscount is shown by the fact that they 
first ordered three aircraft in June, 1954, taking 
an option on 37 more. This option was exer- 
cised in August and at the same time an option 
was taken on a further 20. Other American 
companies have expressed interest in the Viscount, 
and in November the President of Pacific 
Northern Airlines stated that his company was 
considering the purchase of 10. 

It is understood that Vickers-Armstrongs 
have arranged for production at the rate of 
100 a year. So far as the Capital Airlines order 
is concerned, the first three aircraft are to be 
delivered in the spring of 1955, the first 40 by 
August, 1956, and the remaining 20 by February, 
1957. The degree of success which Vickers-Arm- 
strongs can achieve in supplying spares and in 
servicing Viscounts in the U.S.A. will have an 
important influence on future sales of British 
aircraft in this market, since it is believed that in 
the past doubts in this connection have often 
influenced U.S. airline operators. 


COMPETITION IN LONG RANGE 
AIRCRAFT 


The Viscount is powered by the Rolls-Royce 
Dart engine, and is an example of what can be 


achieved by successful co-operation between 
airframe and aero-engine manufacturers. Vickers- 
Armstrongs have exclusive use of the Dart 
engine until 1958, though a number of U.S. 
aircraft manufacturers would undoubtedly like 
to buy these engines for installation in aircraft 
of their own design. While the Viscount has 
achieved a commanding position in the inter- 
national market for medium range air liners, the 
position as regards long range aircraft is much 
less clearly defined. The total number of such 
aircraft at present in service is about 700, of 
which 85 per cent. are owned by eight airlines. 
The majority are piston-engined designs and may 
be expected to be replaced over the next few years 
either by turbo-jets or by turbo-prop designs. 
On the basis that a modern air liner of this type 
is likely to cost about £800,000 (the figure 
for the Viscount is about £300,000), it has been 
estimated that the total market for long range 
airliners over the next eight to ten years is likely 
to be of the order of £600 million. 

The decision to resume production of the 
Comet 2 and 3 means that these aircraft will be 
available to compete for this market. The 
measures which the de Havilland Aircraft 
Company propose to adopt in order to ensure 
greater strength and safety were announced 
during the closing stages of the inquiry and 
include the use of thicker gauge materials 
in the pressure cabin and the strengthening and 
re-designing of windows and cut-outs. Part 
of the wing structure is to be re-designed in 
order to reduce the stress level. In anticipation 
of a favourable decision regarding the resump- 
tion of production, the company had planned its 
work programme in advance in order to reduce 
further delays to a minimum. 

In the U.S.A. there are three possible com- 
petitors in the field of long range turbo-jet 
airliners: these are the Boeing Airplane Com- 
pany, who are producing 14 jet strato-tankers 
for the U.S. Air Force for refuelling jet bombers 
in flight and have developed a commercial 
aircraft, the Boeing 707; the Douglas Aircraft 
Company, which is developing the DC8, and 
the Lockheed Aircraft Corporation. None of 
these companies, however, appears likely to 
proceed without some Government backing. 
In the meantime interest is turning to turbo-prop 
aircraft, a field in which British aero-engine 
manufacturers have a very long start compared 
with their U.S. competitors. Apart from the 
turbo-prop engines already in production, 
British manufacturers of aero engines are develop- 
ing three new engines all of which are expected 
to develop 4,000 shaft horse-power. The 
first of these, the Bristol BE 25, is intended, 
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after suitable modification, to power the :: ter 
versions of the Bristol Britannia, which sh wuld 
then be capable of flying the Atlantic non-: op, 
The other two engines are the Rolls-R. yce 
RB 109 and the Napier Eland. At the pr> ent 
time there is no long range civil airliner | ing 
developed in this country which is capab’: of 
using these engines (though it is possible hat 
at a later stage the Vickers V.1,000 troop t: ins- 
port may be adapted with this object). Ir the 
meantime, both Rolls-Royce and Napier are 
attempting to develop export markets. Design 
of the RB 109 was begun in 1953 and : is 
expected that the engine will be cleared and 
ready for delivery by 1958. The Dovglas 
DC 7D airliner project is based on the RB 109, 
The Eland is at present rated at about 3,000 € h.p. 
but a version to give 4,000 e.h.p. is being devel- 
oped. D. Napier and Son, Limited, ave 
borrowed from the Ministry of Supply an 
Elizabethan aircraft and have bought an Ameri- 
can Convair 340, both of which are being refitted 
with the Eland engine and are expected to be 
flying by the summer of 1955. 

The international competition in the provision 
of future long range airliners is already exempli- 
fied in the recent discussion as to the type of 
aircraft to be purchased by British Overseas 
Airways Corporation. The Corporation have 
on order 25 of the Proteus-powered Britannia 
aircraft, which were to have been delivered over 
the period May, 1954, to October, 1955, but have 
been delayed, partly owing to the need for more 
extensive pressurised flying tests in the light of 
the Comet experience. These were, however, 
never intended for the trans-Atlantic route, and 
the Corporation is at present considering whether 
the later version of the Britannia, with BE- 
25C engines, will meet their requirements in this 
respect and be available at a sufficiently early 
date, or whether they should order Douglas 
aircraft. Most of the leading international 
airlines appear likely to be faced with the need 
for a similar decision in the near future and, 
while it may be hoped that a large part of the 
demand for long distance aircraft will be met by 
British manufacturers, it seems probable that, 
whatever the decision, there will be a heavy 
demand for high powered British turbo-prop 
engines over the next few years. 


HELICOPTER DEVELOPMENT 


During the past year there has been consider- 
able interest in the development of helicopters, 
a field in which British manufacturers have not 
in the past held the strong position which they 
enjoy in other branches of the aircraft industry. 
A number of Westland Whirlwind helicopters 
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has been brought into service during the year, 
and the Armed Forces have ordered about 100 
Bris‘ol 173 twin-rotor helicopters to be used 
mainly for anti-submarine work. It was stated 
that further development work on this aircraft 
by the installation of twin-turbine engines should 
procuce a machine capable of carrying up to 
27 p.ssengers in the civil version. In December, 
the Fairey Aviation Company’s Rotodyne was 
removed from the secret list. This will have 
two turbo-prop engines mounted on wings for 
forward propulsion and the vertical lift will be 
obtained by means of a four-bladed rotor powered 
by pressure jets at the blade tips. Two proto- 
types are under construction for the Ministry of 
Supply, and the first is expected to fly about the 
end of 1955. The scheduled power units are 
Napier Eland engines, and the Rotodyne is 
designed to cruise at 150 m.p.h. carrying 40 
passengers and baggage. It could thus meet the 
needs of British European Airways for inter-city 
services. 

The past year has also seen the first develop- 
ments of other forms of vertical take-off. Some 
details of the construction and performance of the 
Rolls-Royce ‘‘ Flying Bedstead ’’ were given in 
September. Powered by two Nene engines, and 
comprising the simplest form of framework 
required to support them, the ‘* Bedstead ” has 
flown to heights of 25 feet and has demonstrated 
the practicability of controlling by compressed- 
air jets a machine in which all the lift is derived 
from vertical jets. An aircraft operating on this 
principle could not only dispense with the need 
for long runways, but might also operate with 
very much reduced wing area and probably a 
marked reduction in the unladen weight. 

U.S. manufacturers have been experimenting 
with vertical take-off in a different form. In 
August, 1954, it was announced that the Convair 
XFY1, a delta-wing fighter, had risen vertically 
from a take-off position with its tail on the 
ground and had also backed down to a landing 
on its tail. Another type of aircraft being 
developed by the Lockheed Corporation makes 
use of engines which can be rotated through 
90 deg. A related development in this country 
has been the provision in a Meteor fighter of a 
second jet outlet deflected 60 deg. downwards. 
While it may be many years before some form of 
vertical take-off can be applied to military and 
civil aircraft, the successful initial trials during 
the past year have given a strong impetus to 
further development work in this field. 


PRODUCTION OF AIRCRAFT ABROAD 


Mention has already been made of the proba- 
bility of increased competition during the coming 
year from U.S. aircraft manufacturers. The 
French aircraft industry is also busy, and is 
making a bid for further orders particularly in 
the field of medium range civil aircraft. In 
August, 1954, it was announced that the industry 
had an order book for about 1,700 aircraft of 
current types, equivalent to about 18 months’ 
production. Among civil aviation projects are 
two medium range jet aircraft, the Caravelle, 
in course of development by the Société Nationale 
de Constructions Aeronautiques de Sud-Est, and 
the HE 45 by the Avions Hurel-Dubois. Both 
these are designed to use Rolls-Royce Avon 
engines which are built by the Hispano-Suiza 
Company under licence. In the turbo-prop 
sector, aircraft are being developed by the 
Société Nationale de Constructions du Sud- 
Quest, the S.N.C.A. du Nord, and Avions Louis 
Breguet. The Avions Marcel Dassault has 
received offshore orders for the Mystére fighter 
anc has produced a prototype of an improved 
version, the Mystére 4B, of which 150 have been 
orcered by the French Government. 

_though the development and production of 
aircraft in Germany is prohibited until the Paris 
agi cements come into force, a number of German 
me .ufacturers, including Junkers, Focke-Wulf, 
Mcsserschmitt, Heinkel and Dornier have formed 
an association, the Aero-Union, to represent 
th ir interests in preparation for the resumption 
of aircraft production. The Dornier organisa- 
tic1 has a technical office in Madrid which 


designed the prototype DO 25, a light civil 
aircraft which has been produced by the Spanish 
Aviation Company at Madrid. Apart from such 
small aircraft it is expected that, when permitted 
to do so, the German industry will start produc- 
tion by building other countries’ products under 
licence. Apart from the Dornier arrangements, 
a number of German designers have been working 
in other countries and it is understood that the 
industry’s plans are further advanced than may 
be generally realised. It will, however, still be 
necessary to build up productive capacity, and 
the industry anticipates some difficulty in 
securing the necessary finance. 

Japan is another country which is resuming 
the production of aircraft. In March, 1954, the 
Lockheed Aircraft Corporation licensed the 
Kawasaki Aircraft Corporation, Limited, to 
make F-94C Starfire jet fighters and T.33 jet 
trainers using Lockheed designs, machinery and 
technical assistance. Similar arangements are 
also being made by other U.S. manufacturers, 
and the Japanese Government organised a 
military mission early in 1954, to visit U.S. 
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plants and study new developments. The 
Government has proposed to build up over five 
years an air torce comprising some 1,300 aircraft, 
and this would provide the initial market for 
the Japanese manufacturers. 

To sum up the outlook for the aircraft 
industry, British manufacturers are at present 
in a strong competitive position and unless 
unexpected setbacks occur, both output and 
exports in 1955 should exceed the level of 1954. 
While new orders for military aircraft may be 
expected to decline, most manufacturers are only 
now reaching full production against orders 
already placed. As regards civil aircraft, pro- 
duction of the Viscount should be substantially 
increased during the year, and deliveries of the 
Britannia already on order should be completed. 
Prospects for a continuation of a high level of 
production beyond the current year are also 
good, but greatly increased competition must be 
expected, and delays both in development and 
in attaining full production will have to be cut 
down to the minimum if the industry is to secure 
its full share of the potential market. 


PRACTICAL USES OF RADIOACTIVE ISOTOPES 


The progress made in the use of radioactive 
isotopes for industrial and research purposes was 
well illustrated by an exhibition held recently 
at the Birmingham Exchange and Engineering 
Centre. 

An example of how costs could be reduced was 
provided by specimen radiographs. These were 
produced by using an inexpensive source of 
gamma radiation, instead of an X-ray plant. 
Radiography is also possible in situations where 
the X-ray equipment could not be used because 
of its size, as for instance in a small-bore tube. 
The container and source of radioactive material 
are so small that they can be inserted in very 
confined spaces, and if a photographic film is 
wrapped round the outside of the article, a radio- 
graph is produced easily and cheaply. Examples 
were shown of means of detecting leakage by 
using a soluble radioactive tracer, of wear- 
measurement by rendering the wearing surface 
radioactive, and of the measurement of the 
movement of mud in river estuaries. Continuous 
thickness measurement of sheet or strip material 
such as metal, paper, linoleum, etc., was demon- 
strated by apparatus which measures the atten- 
uation of beta radiation passing through the strip 
or sheet. 

There are no security restrictions on the use 


of radioactive isotopes, and to assist prospective 
users who have no experience in their practical 
application the Atomic Energy Research Estab- 
lishment runs an isotope school giving instruc- 
tion in both theoretical and laboratory work. 
It is open to students from this country and 
overseas. An advisory service is also provided. 
Specific problems are studied, questions being 
answered by post and, where necessary, by 
consultation at Harwell. Information about 
isotopes and the various services provided by the 
Establishment can be obtained on request from 
the Isotopes Information Officer, Atomic Energy 
Research Establishment, Harwell, near Didcot, 
Berkshire (Telephone: Abingdon 620, extension 
2429), 

The exhibition was organised by the Isotopes 
Division of the Atomic Energy Research Estab- 
lishment, Harwell, Berkshire, and showed the 
practical application of radioactive material to 
many industrial problems. Dr. Henry Seligman, 
director of the Isotopes Division, who opened the 
exhibition, said that radioactive isotopes are 
being used on an increasing scale both to speed 
production and to reduce costs. British exports 
of these materials are now greater, in volume 
and cost, than those of all the rest of the exporting 
countries put together. 


OIL WHIRL IN BEARINGS 
THEORETICAL DEDUCTION OF A FURTHER CRITERION 
By A. Cameron, PH.D., B.SC.* 


There are two approaches to the analysis of shaft 
whirl. The first considers the continuity of flow 
of the oil. This is very briefly considered, and it 
leads, in the idealised case, to a shaft vibration 
equal to half shaft speed. The second method, 
due to Hummel, treats the resilience of the oil 
film. This gives an equation predicting two 
vibration frequencies. Under light loads the 
equations become complex and a modification to 
Hummel’s method, derived in the article, predicts 
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a single frequency equal to = r.p.m. where 


Vd ‘ 
n = 1°56 ( for eccentricity ratio c = 0-4, i 1) 
and d = diametral clearance in inches. If this 


frequency is above half the shaft speed, the shaft 
is stable. 

A companion article to this, dealing with an 
experimental investigation by Dr. Shawki, appears 
on page 243 of this issue. The two articles are 
linked in a Weekly Survey note which also mentions 
the discussion on this subject to be held at the 
Institution of Mechanical Engineers on March 4. 


* Of The City and Guilds College, London, S.W.7. 


Oil whirl in bearings has become a rather 
pressing problem in recent years. Shafts which 
rotate smoothly up to 6,000 r.p.m. develop 
vibrations at higher speeds and, in machinery 
designed for 15,000 r.p.m., the shafts are 
frequently found to run very roughly. The first 
paper on this subject was published by Newkirk 
and Taylor’ in 1925, from the G.E.C. Laboratory 
in America and, in 1934, Newkirk and Grobel? 
published further work on the design of a stable 
bearing. In 1926, Hummel*, working under 
Stodola in Switzerland, produced a theoretical 
and experimental treatment of the problem 
showing that at high loads (high-eccentricity 
ratios) two frequencies were to be expected. He 
considered the oil film as a spring and found the 
stability conditions and the resulting frequency. 
He stated that at low loads (low-eccentricity 
ratios), the shaft was unstable. This statement 
will be shown to be incorrect, and that, in fact, 
the theory leads to a single frequency. 


Further work, starting from a quite different 
standpoint, which was initiated by Harrison‘ 
in 1913, led Robertson‘ in 1933, to show that, if 
the continuity of oil flow is considered, the 
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Fig. 1 Continuity of flow method, where shaft 
vibrates in a circular path of radius s. 


shaft will vibrate at half the shaft speed. Swift,*® 
1937, has published a graphical solution for the 
continuity of flow condition which shows that 
this factor of half depends on the eccentricity 
ratio. For infinitely long bearings it falls to 
0-4 as the eccentricity ratio rises to 1-0 (increasing 
load). Further work is needed to determine the 


effect of finite . ratios on this figure. Analysis 


; ; ” 7 
of practical bearings, with finite 5, ratios, suggests 


that this figure of 0-4 is reduced. 

This continuity of flow theory (Robertson’s) 
is not selective enough, in that it does not explain 
why the bearing does not give a continuous 
vibration at a frequency equal to half the shaft 
speed for all speeds. In practice it only occurs 
at one definite speed. It is natural to assume 
that Hummel’s and Robertson’s conditions must 
both coincide. This has not been possible, as 
Hummel stated that lightly loaded bearings were 
inherently unstable, so his criterion did not apply 
to shafts running with eccentricity ratios less 
than 0-65, which comprise the great majority 
of turbine shafts. In this article the continuity 
of flow condition will be briefly considered, using 
Hagg’s® treatment. Hummel’s theory will then 
be developed and extended to include the region 
of eccentricity ratio not considered by him. 
These two conditions will then be combined to 
produce a unique frequency for low values of 
eccentricity. 


CONTINUITY OF FLOW METHOD 
Consider a shaft of unit length, radius R, radial 
clearance r, and radial speed Q (Fig. 1). It is 
assumed to vibrate in a circular path of radius s 
at a radial speed w. Consider a point O on a 
~ " The oil flow in the gap on the line AO 


At the gap in OB it is oe (r +s). 


The. whole shaft is lifting vertically at a speed 
sw, forming a void under the shaft at the rate 
(sw2R). 
Hence for continuity of flow 
QR QR 
-o+a+ yey (r — s) — 2Rsw = 0, 


which gives - = 0; 


is OR (r —s). 


This means the vibration 


is at half the shaft speed. This treatment is very 
approximate. An extension of Swift’s method 


for various D ratios is being attempted, and will 


be published ‘n due course. 


HUMMEL’S SPRING METHOD 


Hummel’s treatment of the vibration of the 
shaft is as follows. He considers that the shaft 
centre is displaced an infinitely small amount 
from its equilibrium position A to a new position 
D, (Fig. 2). The locus of the shaft centre under 








Equilibrium 
Semi-Circle 
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Fig. 2 Hummel’s spring method, where the locus 
of the shaft centre is a semi-circle. 


conditions of steady running is very nearly a 
semi-circle, and, in this treatment, it is assumed 
to remain so. The displacement of the shaft 
from A to D causes the shaft centre to move away 
from this equilibrium semi-circle. To determine 
the oil force on the shaft at D the following 
procedure is adopted. The start of the semi- 
circle, corresponding to zero eccentricity (infinite 
speed or zero load), is at O. Let the distance 
OD be e’, then with centre O draw a circle, 
radius OD, cutting the equilibrium semi-circle 
at A’. The angle subtended by A’D is 6. The 
oil force at A’ is P’ acting vertically. The oil 
force at D is taken to be P’ also, acting in a 
direction displaced by @ from the vertical. 

We have then to find the restoring forces 
acting on the shaft consequent on its infinitely 
smalldisplacement from A to D. Theco-ordinates 
of A are taken as OO, then those of D are x, y. 
The horizontal component X is given by 


X = — P’siné= — P’ 0 
and the vertical component Y by 
Y =P’ cos9—P=P’ —P 


= — — §e= — — de. 


Hence X = — P’6, and ¥ = — & be, 


From the equilibrium semi-circle we have the 


, oa 7 e 
relation that the eccentricity ratio c = — = cos ¢ 


(note, we define the angle ¢ differently from 
Hummel). 
Then 

dP dP dc © 

de dede rr rde re” 


7UR*LdA_ P 


defining as usual the load criterion 


jut. ( é 
LU 
also the dynamic resilience 


eda 
A de’ 


G= 
where » = viscosity, 7 = load per unit axial 
length and U = surface velocity. 

AB = 3e = xsin ¢ + ycos ¢ 
BD = ysin ¢ — x cos ¢. 
DA’ = AB cot ¢ — BD 
=2xcos ¢+ y (cos ¢cot ¢ — sin ¢) 
e’ =e=rc=rcos ¢ 


DA’ 2 y 
6 eo lc —aee i 
e’ r (x t tan 2 i) 


If the shaft, which is taken to be stiff, has a 
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mass M, we have the restoring forces relai.d to 
the accelerations M¥ = X and My=YY, vhere 
the load P = Mg. : 

Whence the equations of motion are 
ae 28 y ) xX xX 
=—=— — oc ~ = 
alii tar Xe po Bs 
j= _«& = +¥) since c = COs ¢. 
Trial solutions were taken as x = K,ei4*, y = <,eiv 
which on substitution give the condition or a 


non-trivial solution— 


— Gtan ¢ (= ~G) 
or 

(“)-G+nXt +5 -0, 
thus 


Mr G / GY G 
M492 {0-9 -$ 
2 
when (1 “F 2) ee" 2 the roots are real. 


The values of A are 


and 





aan Ge Gy 
a i (+8) a /(1+9) ~ al: 
The four values (two pairs), of A give circular 
J [( 1 +2 
6, J ~G\? G 
n f +My s 
Hummel calculated values for m, and m2, which 
have been re-calculated. 


aseeasnenneneah of 
er Gy_, fk 
)ed(+$) ~S] -all 
where 
6), /,.S"_6 
n= al( +$)+J/( +9) 
HUMMEL’S METHOD EXTENDED 


G 3 
The two roots are the same when (1 5) = 


—, which are found by computation to occur at 
a value of c between 0-7 and 0-65, G being a 


function of c only for any given D ratio. Now 


when (1 + Sy <3 S the root is negative, and 


thus complex, and it i is this domain that we wish 
to study. Hummel dismissed it with the com- 
ment that here the equilibrium is unstable 
(‘“* Das Gleichgewicht ist labil,’ page 29, { 2). 
Further consideration, however, shows that a 
single frequency and an amplification factor are 
to be expected. The values of A can be written 


L-2dr Sad (9) 


where i = / — |, 


=#(N) [ze * (143) 





+ (A + iB) where 


ae fH] dh 
- (E10 Q] -+ ff 
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(thus defining n and 8 also) whence the solutions 
are 
x= K, e*# = K, e* Bt etiAt 
and similarly for y. 
Th s then is a vibration of radial frequency 


dete t#(+2)] ora Jf 


whic is simultaneously damped by the e~ 8! 
term and amplified by the e+ ®* term. The 
damped term rapidly falls out. The amplified 
vibration increases till, as is usual in resonant 
systems, the external damping, consequent on the 
movement, limits its growth. 


COMPUTATION OF RESULTS 
The treatment above shows there are two 
regions that must be considered. Firstly the 
one already investigated by Hummel, where 
the roots of the equation are real, and, secondly, 
the region where the equations of motion lead to 
imaginary roots. In both the equations the 
same parameters are needed, that is, c the 





cd 

A dc 
computed. The various values of G were 
computed from the recently published data of 
Walther and Sassenfeld’ for the 180-deg. bear- 
ing. The differentiation was done graphically, 
in three regions, by plotting c against A, log A, 


— P A 3 
eccentricity ratio, and G = - , which must be 


1 ; 
and a? respectively. 


graphs was never very steep. The values of G 
so obtained were plotted against c and the values 


In this way the slope of the 


ae : 
of one D ratio were compared with those of the 


others. The published values of A are at 
intervals of c=0-1. Between c = 0-65 and 
0:75 values of G were required in intervals of 
0-01. These were obtained by interpolation 
from the graph of c against G. 


RESULTS 


The theory obtained above shows that the 
frequency is derived from two separate equa- 
tions, since at one stage a root becomes complex. 
This occurs at a value of c between 0-65 and 0-7. 


The exact value depends on the 5 ratio. For the 
3: 


3: 


Amplification Factor B & Frequency Number n 





0 0:3 0-4 


(27 5.B) 


Fig 3 Frequency number and ae factor plotted against eccentricity ratio for bearings of 
— ratios of infinity, 1, 4 and 4. 


D 








Eccentricity Ratio c 


top part of the scale (~ 0-65 < c < 1-0) the 
equations show there are two frequencies, n, me. 
For the lower part (~ 0-65 > c > 0) there is 
only one frequency ,. The other root involves 
an exponential amplification factor 8. That is, 
the vibration increases exponentially with time 
until in fact it reaches equilibrium with the 
external damping. The values of the frequency 
have been computed in non-dimensional form, 
as frequency numbers m,, n, and n and amplifi- 
cation factor 8 and plotted in Fig. 3. 

To obtain the actual radial frequency, the 
frequency numbers, which are pure numbers, 


must be multiplied by a dimensional term J . 
r 


where g is the gravitational constant and r the 
radial clearance of the bearing,, both in consistent 
units. If ris in inches, g must be in inches per 
second squared to obtain the frequency in radians 
per second. It is of course more usual to use 
the diametral clearance, and also the frequency 
is required inr.p.m. Hence, if dis the diametral 
clearance in inches the frequency in r.p.m. is 


60 2¢ n 
© fen = 25 Sate 


If the diametral clearance is expressed directly 


; , d* 
in thousandtks of h, ie., d = —_, 
u s of an inch, i.e., d 1,000 then 


the frequency in r.p.m. is 8-395 x 10° es: The 
Va* 


amplification factor 8 must also be multiplied 


by Jt 
r 


Hence the vibration, in the region~ 0-65>c>0, 


E34 

grows at the rate one . It has been noted 
in practice that loading a bearing diminishes the 
severity of the vibration; that is, increasing c 
lessens the amplification facior f, as predicted. 

The section on continuity of flow showed 
that the vibration was restricted. in an idealised 
bearing, to half the shaft speed. In order there- 
fore for the resonant state to develop in the ideal- 
ised case, the continuity conditions must be met. 
The natural resonant frequency of the bearing 
will therefore occur when the spring frequency, 


Frequency Number n 


Ampli ification 
Factor 


% 


% 


% 





0-5 0-6 0-7 0-8 0-9 1-0 
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n J :, is coincident with the continuity of flow 


frequency. 


Hence n d/ = half the shaft frequency, 


p 
shaft r.p.m. 60 2g 

; egg 2 | a” 

ui n pail 

giving r.p.m. = 531 = 16-79 x 10 Va* 


where d = bearing clearance, inches. 


d* = bearing clearance in thousandths of 
an inch, 


n = frequency number, and 


r.p.m. = shaft speed at which vibration occurs. 

The value of n can be obtained from Fig. 3, 
and hence the critical speed can be determined. 
In normal turbine practice, using a bearing of 


D> 1, the eccentricity ratio is about 0-4, 
giving a value of n of 1-56. Bearings are usually 
designed to run with an eccentricity ratio between 
0:3 and 0-6, thus 7 is sensibly constant. 

The danger zone for vibration can therefore 
be predicted. No bearing has been observed that 
vibrates at a frequency higher than half the shaft 
speed. Hence if the frequency predicted by the 
spring theory is greater than this half the shaft 
speed, it is safe. If it is below, it will be capable 
of vibration if it also coincides with the con- 
tinuity of flow condition. Not enough work has 
been done yet to enable this to be predicted 
accurately. Swift® shows the frequency is 
between 0-5 and 0-4 shaft speed. One turbine 
has been reported vibrating at one-third the shaft 
speed. The limits seem to be between a half and a 
third, with the majority between 0-4 and 0-5. 

It has been found that very lightly loaded 
high-speed shafts which run at an eccentricity 
ratio of about 0-1 are unexpectedly stable. 
This is because at low eccentricity ratios the 
frequency number increases, with consequent 
lifting of the vibration speed. Single-wheel 
high-speed reaction turbines are often found to 
enjoy this unexpected immunity from vibration. 


CONCLUSIONS ; 


This theory gives a reasonable insight into the 
mechanism of oil whirl. It is clearly very 
desirable to have further data. Work is being 
carried out in the Mechanical Engineering 
Department of the City and Guilds College to 
establish the theory more definitely, and to study 
the magnitude of the approximations involved 
in its derivation. Bearings which would appear 
to be stable are being tried out. 

The author would welcome very much any 
information about vibrating bearings, or, equally 
interesting, about bearings which the theory 
states should vibrate but do not do so. In this 
way the theory outlined here can be checked. 
The various types of stable bearings that can 
be devised from a study of this kind can also 
be tried out in obstinate cases. 

The author would like to thank Mr. A.C. 
Hutchinson, of W. H. Allen, Sons and Company, 
Limited, for emphasising the importance of 
shaft vibration and for useful criticism. Also 
Professor W. G. Bickley and Mr. P. Grootenhuis 
for their helpful discussions. 
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A PROGRAMME OF NUCLEAR POWER 
PLANS FOR 12 GENERATING STATIONS 


The White Paper* on the development of nuclear 
energy for peaceful purposes, which was pre- 
sented to Parliament on Tuesday, February 15, 
outlines in some detail a provisional programme 
of exploitation during the next ten years, and 
gives some indication of what may be done 
during the following decade. 

The experimental power station which is now 
being built at Calder Hall is the first attempt to 
produce electricity on a large scale from nuclear 
energy. It is being equipped with gas-cooled 
moderated thermal reactors using natural or 
slightly enriched uranium as a fuel. The 
consumption will be small, but, in addition to 
heat, plutonium will be produced. This type 
of reactor could be brought into use on a com- 
mercial scale during the next six years.t 

A second type of reactor, which might also be 
built for commercial operation during the next 
ten years, is of the liquid-cooled thermal type. 
Such reactors require more complicated tech- 
niques which would at present result in high 
cost. They might, however, eventually prove 
more economical than gas-cooled reactors, and 
could use the plutonium produced in the earlier 
types in conjunction with natural uranium. The 
first commercial liquid-cooled reactors might 
be built towards the end of the next ten years 
and begin operation about 1965. 

Development after 1965 may take various 
forms: thorium may be used, at first in conjunc- 
tion with plutonium, as an alternative fuel; and 
“homogeneous ”’ and “fast breeder ”’ reactors 
may be developed. In fact, a “‘ fast breeder ” 
reactor capable of producing power is being 
built at Dounreay in Caithness. ‘‘ There is no 
doubt that the commercial reactor that emerges 
after these developments as most suitable will 
have a lower capital cost per kilowatt and a 
better utilisation of nuclear fuel” than any of 
the earlier types. 


PROBABLE COST OF NUCLEAR 
POWER 


The Calder Hall station, which will have an 
initial capacity of 150 MW, will cost £15 to 
£20 million. The capital cost per kilowatt of 
a new station using the same type of reactor 
and with an installed capacity of 200 MW 
would be lower owing to its higher heat rating, 
and would be run as a base load station. Develop- 
ments in reactor design, such as liquid cooling, 
should moreover lead to higher heat ratings 
and thus still further reduce the capital cost per 
kilowatt. 

The cost of the initial charge of uranium for a 
station similar to that at Calder Hall may 
amount to about £5 million and will need 
renewing every three to five years. To this 
must be added the cost of processing. It is 
expected that it will be possible to extract 3,000 
megawatt-days of heat from every ton of fuel, 
or equivalent to the heat in 10,000 tons of coal. 
Some credit must also be allowed for the plu- 
tonium produced, the supply of which should 
eventually exceed the demand. On the basis 
of all these assumptions the cost of electricity 
from the first commercial nuclear station should 
be about 0-6d. per kilowatt-hour. This is 
practically the same as the probable future 
cost of electricity generated in the new coal-fired 
stations and compares favourably with the 
present average of 0-72d. 


A PROVISIONAL PROGRAMME 


The following commercial programme is 
therefore put forward: The construction of two 
gas-cooled graphite-moderated stations (each 
with two reactors) would be started about mid- 
1957. These stations should come into operation 
in 1960-61. The construction of two further 


* A Programme of Nuclear Power (Cmd. 9389), 
H.M. Stationery Office, London. (9d.) 


t Some further details of this station are given at 
the end of this article. 


stations would be started about 18 months later. 
These would also have two reactors each and 
would be similar in type to the earlier two stations 
but should show an improved performance, 
particularly in heat rating. The total capacity of 
these four stations, which should all be in opera- 
tion by 1963, would be between 400 and 800 MW. 

The construction of four more stations might 
perhaps start in 1960, and then a further four 
18 months later. These might come into opera- 
tion in 1963-1964 and 1965. It is probable that 
each of these stations would have only one 
reactor, of the gas-cooled graphite-moderated 
type in the first four, and of the liquid-cooled 
type, which might by then have been developed 
sufficiently to be economically satisfactory, in 
the others. The total installed capacity of the 
eight stations in this group should be well over 
1,000 MW. 

This ten-year programme would provide a 
capacity of about 1,500 to 2,000 MW. At the 
end of that time the country would probably be 
requiring new generating capacity at the rate of 
over 2,000 MW a year, and the new nuclear 
stations coming into operation each year would 
be meeting something like a quarter of this. 
On the assumption that nuclear stations would 
be used as base load stations, they would by 
1965 be producing electricity at a rate equivalent 
to about 5 to 6 million tons of coal a year. 

The stations will be built by private industry 
for the Electricity Authorities who will own 
and operate them, the Atomic Energy Authority 
being responsible for giving technical advice on 
the nuclear plant. Training the staff, creating 
the necessary organisation and designing the 
stations has already begun, but even so it will not, 
owing to the complexity of the task, be possible 
to start building before 1957. 


CAPITAL EXPENDITURE 


The total cost of the first two stations (compris- 
ing four reactors) would probably be between 
£30 and £35 million. The next two stations, 
which will have a much higher output, will 
perhaps cost slightly more, while the last eight 
stations will require about £125 million in all. 
The cost of the initial charges of uranium might 
amount to a further £40 million and that of the 
new ancillary plant during the ten-year period 
to £30 million. The concurrent capital expen- 
diture on prototype development might be 
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£30 to £40 million so that the cost of the ‘en. 
year programme would therefore con: to 
£300 million. 

The investment by the Electricity Auth: 
in new coal or oil-fired stations over the 
ten years would in the absence of nuclear ; 
be about £1,200 million. The investme 
nuclear power should, however, lead to a 
ficant reduction in this figure. The Na 
Coal Board should also be able to red 
investment programme for the same reasor 


LONG TERM PROSPECT 


The provisional programme envisages th t the 
new nuclear power stations would, in 19/5, be 
meeting a quarter of the total requiremen’s for 
new generating capacity; and it might subse- 
quently be desirable to build such stations instead 
of coal-fired stations. In fact, by the early '970’s 
it might be practicable to expand the rate of 
construction of nuclear power stations to match 
the total requirements of new generating capacity 
which by that time might amount to 3,000 MW 
a year. On this assumption, the total nuclear 
power station capacity installed by 1975 would 
be from 10,000 to 15,000 MW, the whole of which 
would be used for base load operation. Nuclear 
power stations would then be producing elec- 
tricity at a rate equivalent to that produced by 
about 40 million tons of coal a year. 

A possible limitation on the rate of expansion 
in later years is the supply of nuclear fuel. 
By the late 1960’s the earlier reactors. should, 
however, be producing plutonium in quantity 
and this would be available for the later units. 
Recent evidence also suggests that uranium is 
more plentiful than was once thought; and the 
higher demand for it should be mitigated by the 
greater economy in its use that will then have 
been achieved and by possible developments 
in the employment of thorium. 


PROGRAMME AND POLICY 


It is impossible, it is pointed out, for an 
atomic explosion to take place in a power 
reactor, and accidents should- be no more 
frequent than in many other industries. The 
hazards caused by the concentration of highly 
radio-active materials can be guarded against 
both by design and by enclosing all or part of 
the reactor in a gas-tight container. Neverthe- 
less, the first stations will not be erected in 
heavily built-up areas. The volume of radio- 
active waste will be small and the most economical 
methods of storing or disposing of it are being 
determined. Any material which is discharged 
will be tested to ensure that it is of extremely low 
radioactivity. 
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it is estimated that the consumption of 
electricity in Great Britain will reach 130,000 
milion kWh in 1965 and 223,000 million ten 
yeirs later. To meet this growth in demand, 
it is estimated that the installed generating 
cajacity will have to be increased to 35,000 or 
40,300 MW by 1965 and to 55,000 to 60,000 MW 
by 1975. If the provisional programme sug- 
gesied in the White Paper were completed, 
1,500 to 2,000 MW of the 1965 total and 10,000 
to 15,000 MW of the 1975 total would be pro- 
vided by atomic power. As the nuclear power 
stations would be operated on base load, they 
would supply a higher proportion of the total 
output than these figures indicate. 

Without nuclear power the consumption of 
coal (or its equivalent as oil) in power stations 
would be 65 million tons per annum in 1965 
and 100 million tons per annum in the 1970's, 
and would be rising by 4 or 5 million tons a year. 
On the basis of the provisional programme of 
nuclear power, the coal required would level off 
in the region of 60 to 70 million tons per annum 
during the 1960’s. Greater efficiency in the use 
of coal and the substitution of oil will give some 
limited relief to the increasing domestic demand, 
but this demand cannot be met without exploiting 
to the full any new and economic technique 
available. 

The conclusion is reached that it will be possible 
for nuclear power to be produced commercially 
in significant quantities within ten years. Tkere- 
after the experience gained should make much 
more rapid expansion possible. 


CALDER HALL REACTORS 


An appendix to the White Paper gives some 
details of the two reactors which are being 
installed in the experimental power station at 
Calder Hall. As shown in the accompanying 
diagram they consist of a core of graphite which 
is called a moderator. This core is built up 
from many thousands of separate and accurately 
machined graphite bricks and contains numerous 
vertical channels. It is enclosed in a pressure 
shell of steel surrounded by a shield of concrete. 
The fuel is natural uranium which consists to 
a small extent (one part in 140) of fissile uranium 
235 and to a much greater extent of non-fissile 
uranium 238. It is fabricated into rods which 
are sealed in metal cans and placed in the vertical 
channels within the graphite core. Nuclear 
fission takes place in these rods, the surplus 
neutrons emitted travelling about in the graphite 
and uranium until they produce further fissions, 
or are absorbed to form plutonium, or are lost. 
The heat that is liberated is removed by the 
circulation of carbon dioxide gas under pressure 
through the core. The graphite ‘‘ moderates ” 
the average speed of the neutrons produced by the 
fission reaction to the low value known as the 
thermal level. A reactor with a moderator is 
therefore called a “‘ thermal” reactor. If there 
were no moderator a large proportion of the 
neutrons would be absorbed by the relatively 
abundant uranium 238, which captures fast 
neutrons more readily than does the uranium 235, 
and the chain reaction would come to an end. 
The fission process is controlled at a fixed level 
of activity by moving rods of neutron-absorbing 
material. 

As the nuclear reaction proceeds some of the 
fissile uranium 235 is gradually used up; a small 
fraction of the uranium 238 is converted by 
neutron capture into its fissile offspring, plutonium 
239. Structural changes take place in the fuel 
rods owing to the neutron bombardment to 
which they are subjected, and fission products 
accumulate. Eventually, the fuel has to be 
removed and fresh fuel supplied. The irradiated 
fiel from the reactor has to be chemically 
processed in order to separate out both the 
viluable plutonium 239 and the depleted uranium 
v hich now has a smaller proportion of uranium 
235 than is present naturally. 

The rate at which the fissile fuel is allowed to 
turn is expressed in terms of the output of heat, 
tiat is, in megawatts per metric ton of fuel. 
he fraction of fuel burnt depends on how fast it 
turns and how long the fuel element remains 


in the reactor. If one metric ton of fuel burning 
at a rate of 3 MW remains in the reactor for 
1,000 days, the level of irradiation achieved is 
3,000 megawatt-days per metric ton. 


INCREASING THE HEAT RATING 


Thermal reactors of higher ratings would be 
obtainable from advances in the design of the 
gas-cooled reactors. Alternatively, a liquid 
could be substituted for a gas as the coolant, 
but this gives rise to more complex technological 
problems and, unless heavy water is used, 
requires a higher concentration of fissile material 
in the fuel than is present in natural uranium. 
This higher concentration could conveniently 
be provided by the plutonium produced in the 
early reactors. These enriched reactors could 
themselves produce plutonium 239 which could 
then be used for enrichment in further liquid- 
cooled reactors, or for starting a thorium system 
or a fast breeder reactor. They could also be 
fed back into the same reactors instead of natural 
uranium. 


LIQUID-COOLED THERMAL 
REACTORS 


One type of liquid-cooled thermal reactor that 
could probably be produced on a commercial 
basis by 1965 is one using light water under 
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pressure both as coolant and moderator. Other 
possibilities are liquid-sodium-cooled graphite- 
moderated reactors and heavy-water reactors. 

The design of a thermal reactor might be still 
further simplified if its fissile material were 
supplied in the form of a solution or suspension 
which could also serve as coolant and moderator. 
Such a homogeneous reactor should also have 
lower operating costs since there would no 
longer be any need to fabricate solid fuel elements 
and encase them in protective material to prevent 
chemical and corrosive attack by the coolant. 
It is unlikely that a prototype of a commercial 
station of this kind could be constructed until 
at least the mid-1960’s. 

In order to obtain breeding of plutonium with 
a large positive gain factor, a fast reactor will 
be required, that is, a reactor without a moderator, 
in which the neutrons are permitted to cause 
fission of the fuel while they still have a con- 
siderable fraction of the energy with which they 
are born. The small core of a fast reactor 
presents many difficult technical problems 
associated both with heat transfer and with the 
effect of high temperature on the fuel elements. 
A prototype of a commercial station of this 
kind is not, however, likely to be tested before 
1965; production plants could not be expected 
to be in operation until the 1970's. 


AMERICAN INVESTMENT IN EUROPE 


Although there are definite signs that this 
country is saving more and investing more than 
at any time since the war, the rate at which 
capital is being invested both in the United 
Kingdom and in the rest of the Commonwealth 
leaves a good deal to be desired. The capacity 
of this country to place capital at the disposal 
of industry in Britain, and yet fulfil its moral 
obligations in this respect to the under-developed 
parts of the Commonwealth territories, lags 
seriously behind the need for such investment. 
A moral obligation has been mentioned, but the 
need for overseas investment in the rest of the 
Empire can be argued at a more mundane level, 
for if British capital does not go abroad neither 
will British capital equipment. 

In recent years the International Bank has 
been perfecting a technique for collaborating 
with overseas territories in the British Empire, 
and with the dependent territories of other 
Western European countries, by which American 
dollars can be invested jointly with local capital 
in local enterprises which have been fully vetted 
by experts from outside the territory concerned. 
Developments of this kind are to be welcomed 
but there is no substitute for British investment 
abroad so far as the interests of the United 
Kingdom are concerned. Some way must be 
found by which this country can apportion a 
larger amount of its capital for overseas develop- 
ments. 

A recent survey* shows that United States 
private capital exports to Western European 
countries and their overseas territories have not 
been rising in recent years. Capital exports 
are small and are impeded by strong deterrents, 
the most powerful being uneasiness concerning 
the political and economic state of the world. 
The report points out that private investment 
can be stimulated only if the countries who wish 
to attract such investment make an effort to do 
so. At the same time,.the United States 
Government could assist by increasing the incen- 
tive to invest abroad by tax concessions and 
guarantees on foreign investment. Member 
countries of O.E.E.C. could further help them- 
selves however, the report states, if they were to 
apply their own administrative controls on 
imported capital as liberally as possible to U.S. 
private investment. The writers of the report 
have given a series of recommendations for 
stimulating private dollar investment in Western 
Europe, including publicity to attract US. 

* Private United States Investment in Europe and 
the Overseas Territories. Organisation for European 
Economic Co-operation, Paris. 


business circles in overseas investment, a simpli- 
fication of formalities, the simplification of 
capital transfer regulations, willingness to 
guarantee equitable treatment in the event of 
expropriation or nationalisation, and granting 
tax concessions on new investment. 

It has been easy in recent years to overlook the 
fact that the flow of private capital from America 
has been drying up because of the large flow of 
Government capital which has been made 
available:since the post-war dollar credits and the 
European Recovery Programme were instituted. 
Of late there has been the very substantial dollar 
assistance in the form of aid for defence pro- 
grammes. These public programmes for inter- 
national investment could not have gone on 
indefinitely and are in fact now drawing to a close. 
The danger, clearly, is that with such huge 
sums being made available, the technique of 
mobilising private dollar capital for Western 
Europe may have become inept through lack of 
use. It is vital that a flow of private dollar 
investment be stimulated both to Western 
Europe’s overseas territories and to Western 
European countries themselves, for it swells 
the total amount of investment which these 
countries can mobilise and thus affects the 
amount which they themselves can send abroad. 
Private American investment has an important 
role to play in stimulating the demand for capital 
equipment and the fact that such investment 
may be marginal does not in any way detract 
from the argument that it is vital; in fact it 
enhances it. 

So far as the engineering industry in this 
country is concerned, it is particularly important 
that some at least of the private capital which is 
available from the United States to Western 
Europe and its overseas dependencies should 
flow through the United Kingdom, so adding to 
the total amount of capital available for invest- 
ment. From this total available it should then 
be possible for this country to allocate an 
increased amount to its territories overseas. 
If American capital can be attracted to this 
country in this way it will be easier for British 
industry and British consulting services to follow 
in the wake of the capital to the overseas terri- 
tories concerned. If the capital is not passed 
through the United Kingdom it will go direct, 
and the competitive power of British engineering 
may be correspondingly reduced. This would 
occur, not because of any greater efficiency or 
better service offered by American engineering 
concerns, but because orders for capital equip- 
ment tend to go where the capital originated. 
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CRYSTAL-CONTROLLED RADAR FOR 


LONDON AIRPORT 


IMPROVED SYSTEM OF PERMANENT ECHO 
CANCELLATION 


A crystal-controlled radar system embodying 
new features is shortly to be installed by 
Marconi’s Wireless Telegraph Company, Limi- 
ted, Chelmsford, at London Airport to serve 
the southern Air Traffic Control Centre. It will 
operate in the 500 to 610-megacycle band and 
will thus be capable of working under bad 
weather conditions, an important feature con- 
sidering the purpose for which it is to be employed. 
It will incorporate an improved moving-target 
indicator system (MTI) by means of which 
“clutter ’’ and echoes from fixed objects, such 
as buildings, are removed from the viewing 
screen, thus leaving a clear field for the observa- 
tion of aircraft. This will enable the equipment 
to be used simultaneously for long-range 
surveillance and for the control of machines 
within the airport terminal area. In fact, all 
the radar requirements of the airport, with the 
exception of precision approach, can be met by 
One equipment. Further, the use of crystal 
control enables the equipment to be switched 
on and operated without tuning adjustments 
being necessary, while the moving target indi- 
cator requires no time to settle down. 


AERIAL SYSTEM 


The aerial used in this new system is illustrated 
below. It consists of a parabolic reflector, 
which is energised by an offset horn and is 
designed to give the narrowest possible beam 
width, as well as a very small power loss in the 
side lobes. The vertical cover is about 20 deg. 
A thermostatically-controlled heating element is 
incorporated in the back of the horn for de-icing 
purposes. The reflector is an aluminium mesh, 
which is supported on a light-alloy framework, 
the whole structure being pivoted so that a 
pre-set tilt can be applied in the vertical plane 
from —1 deg. to +10 deg. to the horizontal. 
During this adjustment the horn always remains 
at the focal point of the reflector. This tilt 
enables the main beam to be raised in the 
vertical plane thus altering the vertical cover. 
The horizontal beam width is about 34 deg. at 
3 decibels downwards and depends on the radio 
frequency employed. 

The aerial is provided with turning equipment, 
which enables it to be rotated continuously in 
either direction at speeds from 4 to 10 r.p.m. 
It can also be swept in a reciprocating cycle 
over an arc of from 10 deg. to 60 deg. on either 
side of a pre-selected mean bearing at speeds 





from ;; to 24. r.p.m. Further manual position- 
laying at a speed of up to 10 r.p.m. is possible 
by means of coarse and fine controls. 


TRANSMITTER DESIGN 


The transmitter consists of a crystal-controlled 
reference oscillator in which a frequency of 
5-625 megacycles is generated and fed to a 
mixer unit, where it is combined with a 60- 
megacycle continuous wave signal. This signal 
is derived from a separate unit in the receiver, 
the circuit of which consists of a crystal oscil- 
lator and a number of frequency multiplying 
stages. The crystal frequency is nominally 
10 megacycles, but up to eleven crystals may be 
selected to enable the transmitter to cover a 
range of 500 to 610 megacycles. The frequency 
is multiplied six times to provide the 60-megacycle 
signal and, after mixing with the 5-625-megacycle 
signal, is amplified and passed to the first doubler 
stage. 

Two further doubler stages follow, after which 
there is an intermediate amplifier and finally 
a power amplifier. The doublers and amplifiers 
are all pulse-modulated, the pulse duration being 
progressively narrower at each stage to ensure 
a rapid build-up of the radio frequency amplitude 
at the start of each transmitted pulse. The 
time interval between the leading edges of the 
successive pulses is therefore accurately main- 
tained. Assuming a fundamental frequency 
of 10 megacycles from the oscillator unit the 
output frequency of the transmitter is 525 
megacycles with an output power of 50 to 60 kW 
at a pulse duration of 4 microseconds. The final 
transmitted pulse length can be set to either 
2 or 4 micro-seconds by local or remote control; 
a crystal-controlled pulse recurrent frequency of 
500 to 800 pulses per second being used. 


RECEIVING EQUIPMENT 


The returning echoes from the target are 
picked up by the aerial system and are passed 
through a transmitter/receiver switch unit to 
the receiver. The first stage of this receiver is 
an earthed-grid coaxial-triode radio-frequency 
amplifier, which is followed by a triode mixer. 
In this mixer the 525-megacycle target signal is 
combined with a local oscillator signal of 480 
megacycles, which is obtained from the 10-mega- 
cycle crystal oscillator described above by 
frequency multiplication. The resultant 45- 


megacycle signal is fed into an intermediate- 
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frequency amplifier, the output of which 
transmitted through a coaxial cable to the rac 
distribution unit. Part of these intermedia = 
frequency signals are also transmitted throu h 
another amplifier to a 6-in. scan display monit: +. 
In the distribution unit the intermedi: e 
frequency signals are converted to video for v e 
in up to eight plan position indicators. Allie 
cancellation circuits, range marks and azimu h 
marks generators are also housed in this unit. 


MOVING-TARGET INDICATOR 


‘The 5-625 megacycle reference oscillator a\so 
provides the fundamental stabilising control | >r 
the whole equipment. For this purpose part of 
its output is frequency-multiplied to 45 mega- 
cycles and is then supplied to a homodyne 
detector. The echoes after conversion to 45 
megacycles in the receiver are amplified and also 
passed to the homodyne. The output of tiis 
detector is proportional to the relative phases of 
these two signals, that of the locally produced 
oscillation being fixed and that of the received 
signal being displaced by an amount depending on 
the position of the target. The received signal 
from a fixed object will, however, produce the 
same phase difference with every pulse, while 
the phase difference of the signal from a moving 
object will vary. 

To determine whether the object is moving 
or not the output from the homodyne detector, 
which is virtually at video frequency, is used to 
modulate a 10-megacycle crystal-controlled oscil- 
lator. The modulated oscillations are then fed 
to a crystal, which is mounted at one end of 
a tube filled with water the temperature of which 
is maintained thermostatically at 72 deg. C. 
Here they are converted to mechanical oscil- 
lations at an ultrasonic frequency of 10 mega- 
cycles. These oscillations travel along the tube, 
at the far end of which they are reflected into 
another tube. This second tube lies parallel 
to the first and the mechanical oscillations 
travel down it until they meet a crystal which 
re-converts them to electrical oscillations. The 
length of the tube is adjusted so that the time 
taken for a pulse to travel from one crystal to 
the other is equal to the time interval between 
two pulses of the radar transmitter. 

The output of this water delay line is 
demodulated and after inversion is mixed with 
demodulated signals which have not been 
delayed. Identical signals are thus cancelled 
out, only those the phases of which have changed 
between successive pulses appearing at the 
output of the mixer. These signals are then 
rectified and fed through a video amplifier to 
the three separate cathode followers and thence 
through coaxial cables to the eight plan position 
indicators, the time base ranges of which are 
continuously variable between either 0 to 20 
or 0 to 120 nautical miles. The uncancelled 
signals are also fed to the indicators so that the 
operators can select either type. 


yw 


xk * 


DEAF AID FOR RADIO 
PROGRAMMES 


The usual type of hearing aid does not give very 
satisfactory results when the user is trying to 
listen to a radio programme. Since it is intended 
for general conversation with people close at 
hand, the user either has to sit near to the 
set or else the volume must be turned up to a 
level that is uncomfortably loud for other occu- 
pants of the room. Similar difficulties occur 
with television. 

To overcome these difficulties, Electric Ades, 
Orchard House, Sunbury-on-Thames, Middlesex, 
have developed a device called the “‘ Rai-Tel-Ade” 
which plugs into the output circuit of the set and 
uses a conventional insert ear-piece as an ear- 
phone. The device measures 3 in. by 3 in. by 
44 in., and has a volume control, a tone switch 
for speech or music and an on-off switch for the 
loud speaker. It does not utilise either valves 
or batteries. 
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WHIRLING OF A JOURNAL! BEARING 


EXPERIMENTS UNDER 


NO-LOAD CONDITIONS 


By G. S A. Shawki, B.ENG., PH.D." 


The results of an experimental study of the factors 
governing the initiation, persistence and damping 
of both steady and transient journal centre whirl 
under conditions of approximately zero load are 
presented. The steady whirl is characterised by 
an almost circular orbit of the journal centre, 
while the transient whirl is shown to exhibit a 
spiral path. No oil film failure was established for 
the steady whirl, contrary to theoretical expecta- 
tions. The frequency of whirl was found in the 
tests to assume a value between 0-49 and 0-50 
of the journal rotational frequency, the deviation 
from the hypothetical value of 0-50 being attributed 
to the damping imposed on the journal motion. 
This article, the manuscript of which was 
received some time ago, forms a companion to the 
theoretical treatment of the subject by Dr. Cameron 
which appears on page 237 of this issue. A further 
reference to both articles and to the discussion to 
be held on March 4 at the Institution of Mechanical 
Engineers appears in a Weekly Survey note. 


Serious vibration troubles which have been 
noted in certain rotating machinery with hydro- 
dynamically lubricated journal bearings (par- 
ticularly under conditions of high journal speeds 
and light bearing loads), have been traced to the 
action of the oil film in the bearings?+, the journal 
centre describing a closed orbit in the direction 
of journal rotation. 

This phenomenon of journal whirl was first 
studied theoretically by Robertson‘ who found 
that, with a rigid rotor, the journal centre will 
whirl with a radius equal to the radial bearing 
clearance at a frequency approximately equal to 
one-half the journal rotational frequency. Swift’ 
showed that while the whirl frequency will be 
equal to one-half the journal rotational frequency, 
the journal centre will move along a circular 
path of any radius within the clearance circle. 

Hagg' investigated the inherent stability of 
certain types of bearings using Routh’s stability 
criterion, and qualitatively confirmed his theo- 
retical deductions by experiment. He estab- 
lished the inherent stability of the tilting-pad 
bearing in contradistinction to the full journal 
bearing. 

On the experimental side, Newkirk and Taylor? 
have reported that the whirl frequency was 
reduced by increasing the frictional resistance on 
the journal and bearing motions, and have 


* Mechanical Engineering Department, Cairo 
University, Giza, Egypt. 
+ An alphabetical list of references is given at the 


end of the article. 





Fig. 1 Journal bearing as set up 


proposed means of avoiding the trouble in 
practice. An arrangement of grooves in the 
bearing has been claimed to be effective in 
reducing the tendency of the journal to whirl.® 

Simons‘, who could not obtain steady no-load 
whirl in his test bearing, confined his studies 
to starting transients. He then found that the 
journal whirled at a rate slightly less than one- 
half that of the journal rotation. The most 
rapid damping of the whirl was achieved, he 
stated, with high values of journal speed, bearing 
load and lubricant supply pressure, or with low 
values of lubricant viscosity. 

This article presents the results of some experi- 
ments conducted to investigate the phenomenon 
of no-load whirl, being_a special case in the 
study of the fundamental problem of a unidirec- 
tional cyclic load on a journal bearing®. 


TEST EQUIPMENT 


The apparatus as set up for the tests is shown 
in Fig. 1. Fig. 2 shows the schematic arrangement 
of the test apparatus as used in the present 
investigations. The journal a, measuring 4 in. 
in diameter and 6 in. in length (with a nominal 
diametral clearance of 0:0064 in. at a room 
temperature of 61 deg. F.), is driven by a variable- 
speed motor through a flexible coupling. The 
load is applied to the journal sides by means of 
two levers c connected at their front ends to 
two tie rods d and at their back ends to a cross- 
bar e. An additional lever f is used to exert 
static vertical loads at the cross-bar, two types of 
support for this lever being in use, viz., a strut 
support g or a hydraulic jack support h. A 
positive pump j supplies the bearing with a pure 
mineral oil through small holes at the ends of 
two horizontal diameters. The lubricant inlet 
pressure was kept constant at an arbitrary 
value of 30 lb. per square inch except when 
otherwise stated. 

The journal displacement was measured in 
both vertical and horizontal directions by means 
of photo-electric pick-up units k mounted on the 
stationary test bearing. The output signals 
from these units are fed into a cathode-ray tube 
m, through two direct-current push-pull amplifiers 
I. Journal loci can be visually observed 
or photographically recorded on the 6-5-in. 
effective-diameter screen. The journal speed 
was measured by means of a generator-type 
tachometer connected to a voltmeter. Thermo- 
couples located close to the journal ends and 
connected to a millivoltmeter » measured the 
temperature of the oil as it emerged from the 

bearing ends. A con- 
tact system 0, arranged 

e on the journal motor 

flywheel b, was used to 
correlate the journal 
centre position and its 
angular speed about the 
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Fig. 3 





Fig. 4 
Development of a self-initiated steady whirl. 
Fig. 3, —750 r.p.m., oil 86 deg. F. Fig. 4, 
+ 750 r.p.m., oil 98-5 deg. F. 


bearing centre with a view to determining the 
frequency of the journal centre whirl. 


STEADY WHIRL 


Experiments were run with journal speeds up 
to 750 r.p.m. with the strut support, and up to 
875 r.p.m. with the hydraulic-jack support. 
Oil temperatures up to about 100 deg. F. were 
recorded. Bearing loads other than zero are 
stated in the test results.. A sustained (stable) 
journal centre whirl was found to develop under 
favourable operating conditions. Clockwise 
rotation is denoted by a negative sign. 


(1) Limiting Conditions for the Existence of 
Whirl 


(a) Speed—A damped whirl could always be 
obtained over the range of journal speeds used, 
the time for damping depending mainly on the 
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Fig. 2 Schematic arrangement of test apparatus. 
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Fig. 5 Damping of steady whirl with increase of 
oil pressure. 
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Fig. 6 Damping of steady whirl by application of 
load. 


external load and the oil temperature and supply 
pressure. A self-initiated steady whirl could, 
however, take place at journal speeds above 
about 500 r.p.m. 

(6) Load.—No stable whirl could be initiated 
with loads equal to or greater than about 25 Ib. 
per square inch of projected bearing area. 

(c) Oil temperature.—It was established that 
higher values of the oil temperature (i.e., low 
viscosity values*) were favourable to the per- 
sistence of the whirl. A minimum oil tem- 
perature of about 80 deg. F. was found necessary 
for a self-initiated whirl to develop. 

(d) Oil Supply Pressure-—Low values of the 
supply pressure proved advantageous to the 
existence of whirl; high values (above about 
50 lb. per square inch) would prevent self- 
initiation of whirl. 

(e) Type of Support for the Additional Lever.— 
The strut support appeared to present less 
external damping in the loading system than the 
hydraulic jack support, with a consequent 
tendency to more favourable conditions for 
whirling. In view of the dangerous vibrations 
set up in the additional lever (which was gradually 
pushed away from the cross-bar) as the whirl 
frequency approached the natural frequency of 
the system, journal speeds above 750 r.p.m. with 
the strut support and 875 r.p.m. with the hydrau- 
lic-jack support were avoided in the experiments. 


_* The viscosity-temperature characteristic of the 
oil is given in Fig. 18. 


Fig. 7 
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Fig. 8 


Effect of initial journal displacement on transient whirl. -- 112-5 r.p.m., oi! 58 deg. F. 
Fig. 7, exposure 1 min. 24 sec. Fig. 8, exposure 53 sec. 


Under these critical conditions, load values 
much higher than the value given under (5) above 
were necessary for damping the whirl. 

(2) Initiation of Whirl 

Four methods for initiating the whirl were 
successfully used in the tests : 

(i) Self-initiation, in which the whirl developed 
under no external influence, Figs. 3 and 4, with 
favourable operating conditions as previously 
outlined. The time taken for the full develop- 
ment of the whirl ranged from 8 to 20 seconds. 

(ii) Manual application of a periodic dis- 
turbing force to the additional lever f, (Fig. 2). 

(iii) Sudden reversal or release of small 
bearing loads. 

(iv) Starting from rest with an intentional 
initial journal eccentricity. 

(3) Form and Magnitude of Whirl 

Unless distorted as shown below, the journal 
centre exhibited an almost circular orbit, the 
size of which was found to be considerably 
affected by the factors given under (1) above, 
except when the whirl frequency approached the 
natural frequency of the system. 

No metallic contact was established in the 
experiments. The maximum value obtained for 
the ratio of journal eccentricity to radial bearing 
clearance (known as eccentricity ratio) was 0-81 
with a journal speed of — 875 r.p.m. (clockwise) 
and an oil viscosity of 1-25 x 10-* lb. sec. per 
square foot. 

Test results do not confirm Robertson’s 
theoretical expectations* in that the whirl did 
not occupy the whole of the clearance circle; 
instead, a fairly thick film still separated the 
journal and bearing surfaces. 


Fig. 9 


Effect of equilibrium journal speed on transient whirl. 


(4) Damping of Whirl 

Damping of the steady whirl could be effected, 
in the tests, by the following means, the time for 
damping ranging from 5 to 30 seconds : 

(i) Increasing the lubricant supply pressure. 
This is noted, Fig. 5, to cause a gradual reduction 
in the magnitude of the whirl with little distortion 
of the nearly circular orbit. 

(ii) The application of small loads to the 
journal. This would give rise to a re-distri- 
bution of oil film pressures which would cause 
the journal to attain a new equilibrium position 
corresponding to the applied load and the 
journal speed, thus resulting in some distortion 
in the journal centre path, Fig. 6. 

(iii) Upsetting the symmetry of loading at the 
journal ends, which had the effect of a couple 
applied to the journal, produced damping of a 
nature similar to that experienced in 4(ii) above. 
(5) Frequency of Whirl 

Theory predicts a value of 0-50 for the ratio 
of the whirl frequency to the journal rotational 
frequency. A contact system was therefore 
arranged on the rim of the flywheel (5), Fig. 2, 
to produce a single impulse in the cathode ray 
tube trace for each revolution of the journal. 
Should the above ratio be equal to 0-50, two 
stationary pulses on the journal centre locus 
would be obtained. The pulses, however, were 
observed to move in a direction opposite to that 
of the journal centre rotation and this pheno- 
menon was used to measure the recession of this 
ratio from the hypothetical value of 0-50. 

The values obtained for the above ratio were 
as follow: 

(i) With the strut support: 0-491 to 0-497 





Fig. 10 
Fig. 9, equilibrium speed + 125 r.p.m., exposure 


51-5 sec., oil 71 deg. F. Fig. 10, equilibrium speed + 500 r.p.m., exposure 44 sec., oil 70-5 deg. F. 
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Fig. 11 





Fig. 12 


Effect of oil temperature on transient whirl, speed —250 r.p.m. Fig. 11, oil 80-5 deg. F., 


exposure 45 sec. Fig. 12, oil 88 deg. F., exposure 22-5 sec. 





Fig. 13 





Fig. 14 


Speed + 125 r.p.m., oil 61 deg. F. Fig. 13, oil 7-5 Ib. 


per square inch, exposure 2 min. Fig. 14, oil 75 lb. per square inch, exposure 54 sec. 





Fig. 15 
Effect of applying load on the transient whirl. 


stween journal speed limits of 450 to 700 
».m.). 

(ii) With the hydraulic-jack support: 0-492 
0-499 (between journal speed limits of 500 to 
’5 r.p.m.). 

The results confirm theoretical deductions 
\at the phenomenon of steady whirl will manifest 
self at a frequency lower than one-half the 
urnal rotational frequency depending on the 

mount of damping associated with the system. 





Fig. 16 
Speed —112-5 r.p.m., oil 60 deg. F. Fig. 15, no 
load, exposure 2 min. 4 sec. Fig. 16, bearing pressure 25 lb. per square inch, exposure 16 sec. 


TRANSIENT WHIRL 


The transient motion of the journal centre, 
which occurred when the journal was allowed to 
attain its final equilibrium rotational speed from 
rest, was recorded under various operating con- 
ditions. 

(1) Some Factors Governing the Existence and 
Damping of Whirl 

(i) Initial Journal Displacement.—It was found 

that the journal centre had to be given some 
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Fig. 17 Frequency of transient whirl. Speed 
—150 r.p.m., exposure 42 sec., oil 77°5 deg. F. 
and 20 Ib. per square inch. 
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Fig. 18 Relationship between oil temperature 
and viscosity. 


initial displacement as a necessary condition to 
obtain the whirl. Figs. 7 and 8 show the effect 
of the initial displacement on the period of whirl. 

(ii) Equilibrium Journal Speed.—The damping 
effect associated with the increase in the equili- 
brium journal speed is illustrated in Figs. 9 and 10. 
Under conditions favourable for the development 
of steady whirl, the transient whirl would grad- 
ually attain the size of the steady whirl and 
would persist as such instead of being damped 
to the concentric running position of the journal 
centre. 

(iii) Oil Temperature.—Quite distinct from the 
steady whirl, the reduction in the oil viscosity 
was shown to have a pronounced damping 
influence on the transient phenomenon, Figs. 
11 and 12. 

(iv) Oil Supply Pressure.—High values of the 
supply pressure were found to have a tendency 
to damp the whirl, Figs. 13 and 14. 

(v) Application of small loads to the Journal 
(when at rest).—This resulted, as might have been 
expected, in a significant damping effect on the 
whirl, Figs. 15 and 16. 

(vi) Asymmetrical Loading of Journal.—The 
damping effect due to the resulting couple was 
found to be of substantially the same nature as 
that due to small load application. 

Test results thus show that high values of 
external load, journal rotational speed and 
lubricant supply pressure, and low values of 
lubricant viscosity contribute to the damping of 
the transient whirl; this is in agreement with 
Simons’ findings. *® 
(2) Frequency of Whirl 

The fact that the journal rotational speed was 
increasing during whirl added to the difficulty 
of measuring the frequency of whirl in relation 
to the frequency of the journal rotation. The 
method used for the steady whirl was, however, 
adopted to provide some information. 

The rate of pulse precession, Fig. 17, shows that 
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the ratio of frequencies of journal centre whirl 
to journal rotation is very nearly equal to 0-50. 
It was observed that the rate of pulse precession 
increased when a sustained whirl was teing 
attained on starting the journal from rest. 
This suggests that the value of the above ratio, 
for the transient phenomenon, would be higher 
than its value for the steady whirl, with an upper 
limit of 0-50. 


SUMMARY AND CONCLUSION 


Steady and transient whirl of the journal centre 
under approximate no-load conditions were both 
obtained in the test bearing and various damping 
influences on the journal oscillations were studied. 

The steady whirl, which is regarded as a self- 
excited vibration (free vibration with negative 
damping), exhibits, under favourable conditions 
of the operating variables, an almost circular 
path about the bearing centre. However, the 
highest value obtained for the eccentricity ratio 
is 0-81 and the whole of the clearance circle is 
not occupied as predicted by theory. 

The transient whirl obtained on starting the 
journal from rest takes the form of a spiral path 
and is in fact a free vibration with positive 
damping. 

Test results confirm theoretical expectations 
for the ratio of the whirl frequency to the journal 
rotational frequency, of a value invariably less 
than 0-50, depending on the damping present in 
the system. Values of this ratio of 0-491 to 
0-499 have been recorded for the steady whirl. 


Observations show that, for the transient whirl, 
this ratio will assume a value higher than that 
obtained for the steady whirl (for same load, 
equilibrium journal speed, oi] temperature and 
supply pressure) with an upper limit of 0-50. 
These results agree with earlier observations. 

It is felt that closer agreement between theory 
and experiment would be achieved by studying 
more completely the damping influences on the 
journal motion. 

The author wishes to epxress his sincere thanks 
to Professor H. W. Swift, M.A., D.Sc., Mr. P. 
Freeman and Mr. B. R. Dudley, all of the 
University of Sheffield, for much help and advice. 
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FAILURE OF TWO 100-MW 
TURBO-GENERATORS’ 


By Sir Claude Gibb, C.B.E., D.SC., M.E., F.R.S.t 


The paper describes the investigations which were 
made into the failure of two of the four 100-MW 
hydrogen-cooled alternators installed in the 
Richard L. Hearn station of the Hydro-Electric 
Power Commission of Ontario. One of these 
sets originally had a two-pole rotor and was 
designed to run at 1,500 r.p.m. to supply at 25 
cycles. It was, however, converted to operate 
at 60 cycles by changing the stator connections 
and providing a four-pole rotor running at 
1,800 r.p.m. It was placed on load in October, 
1951, and had run for 6,916 hours on 25 cycles 
and for 4,427 hours on 60 cycles. During this 
period of 11,343 hours it made a total of 100 
starts. The other set was placed on load in 
February, 1952 and ran for 10,739 hours at 


* Paper entitled ‘“‘Report on Investigation into 
the Failure of Two 100-MW Turbo-Generators”’ 
read before the Institution of Mechanical Engineers 
on Tuesday, February 15. Abridged. 


+ Sir Claude Gibb is chairman and managing 
director of C. A. Parsons and Company, Limited. 


1,800 r.p.m. and 60 cycles, during which time it 
made 77 starts. 


ROTOR END-BELL MATERIAL 


The material used in the rotor end-bells of 
both machines was a non-magnetic austenitic 
steel with a minimum yield point of 50 tons per 
square inch, a minimum ultimate tensile strength 
of 57 tons per square inch, a minimum elongation 
of 20 per cent. on a 2-in. length and a minimum 
reduction of 30 per cent. in area. The physical 
properties required from this material can only 
be obtained by cold working and this produces 
residual stresses as a consequence of grain struc- 
ture distortion. 

Rotor coil distortion, which is a direct function 
of the number of heating and cooling cycles to 
which the alternator is subjected had also to 
be taken into account. These cycles are gener- 
ally the number of times the machine is started 
up and put on load. The Toronto generators 
had also to take loads varying from 10 to 100 per 
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cent. of the maximum rating two or three tiies 
a day and were shut down at night. Condi’ ons 
more likely to produce rotor coil distortion could 
hardly be visualised and ventilating holes © ere 
provided to limit the temperature rise in ser ice, 
Such holes, however, weaken the bell and are 
potential stress raisers. Their potential da ger 
was appreciated and during manufacture < ire- 
fully sharpened drills were used and care t: xen 
to radius the holes at the inside and ou <ide 
surfaces of the bell. 

The temperatures of the rotor body and o 
end-bells are dependent on the losses in the 
windings. The body follows the change in 
load slowly, owing to its greater heat capa ity, 
while the end-bells respond rapidly being co led 
directly by the inlet hydrogen. The coefficient 
of expansion of the end-bell austenitic stec| is 
65 per cent. greater than that of the rotor steel, 
and the variations in temperature cause a corre- 
sponding change in the stress in the bells, owing 
to the shrink. This might have been a minor 
contributory factor to the failures when super- 
imposed upon the main stress in the end-bells. 


OCCURRENCE OF BREAKDOWNS 


The first failure occurred on No. 1 set on 
April 1, 1954. The machine had been shut 
down during the previous night and after being 
run up to speed in 22 minutes was synchronised 
and the load built up to 10 MW. About 15 
minutes later an explosion occurred, flaws 
appeared at the exciter end of the alternator 
and a major fire developed round the machine 
and the foundation block. Examination showed 
that this was due to a mechanical failure at the 
exciter end of the rotor, which resulted in the 
fracture of the bearings, supports and housings as 
well as of the gas seals and oil pipes at both ends 
of the rotor. In consequence, cooling gas and 
lubricating oil were released and flowed freely 
round the alternator and the foundation block, 
The fire was fed from the auxiliary oil pump, 
which was automatically brought into operation 
when the main oil pressure fell. Figs. 1 and 2 
convey some idea of the damage. The effects 
of the fire, in which some 3,000 gallons of oil 
were consumed, were mainly limited to the area 
of the set and the remaining units were shut 
down without damage. 


On Monday, April 5, 1954, No. 2 set was 
synchronised at 5.18 a.m., after being shut down 
during the weekend; and was built up to its 
full load of 100 MW by 8 a.m. At 10.58 a.m. 
a heavy thud was felt, followed by excessive 
vibration and a similar sequence of events to 
those which had occurred on No. 1 set. The 
mechanical damage was not, however, so severe, 
although the oil feed and drain pipes were shaken 
off. The auxiliary pump was shut down at 
an early stage, so that the oil fire was not so 
prolonged. About 1,806 gallons of oil were 
consumed and the damage to the a:xiliary equip- 
ment was considerable. The amount of hydrogen 


the 


Fig. 2 


Figs. 1 and 2 Showing the 100-MW unit in the Richard L. Hearn station at Toronto of the Hydro-Electric Power Commission of Ontario after 





the failure described in the paper. 
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Figs. 3 and 4 Views of 
fracture on the exciter 
end-bell, which was the 
original cause of the 


failure. 


Fig. 3 





escaping from the damaged seal of the exciter 
end was probably ignited and set fire to the oil. 
There was, however, no fire inside the stator 
casings. 


PRELIMINARY INVESTIGATIONS 


An examination of No. 1 set showed that the 
rotor end-bell and about 75 per cent. of the 
teeth at the exciter end of the rotor forging were 
fractured. The rotor and stator windings were 
disintegrated and the stator frame was seriously 
damaged. The end-bell support ring and fan, 
though damaged and displaced, were intact, 
and the end-bell itself was lying away in the 
debris in the bottom of the stator casing. The 
bell was fractured in one place radially and 
axially through a line of three ventilating holes 
on a pole centre line. Details of this fracture 
are shown in Figs. 3 and 4. It was deduced 
from the appearance of the fracture surface that 
it had started at mid-thickness at the ventilation 
hole nearest to the rotor, that is the hole on the 
left of Fig. 3, and that the crack had spread from 
this hole in each direction. There was evidence, 
too, that when the fracture reached the other 
two holes it started again in each instance at mid- 
thickness. 

Examination of No. 2 set showed that the bell 
at the exciter end had fractured in an identical 
manner, although the number of rotor teeth 
affected was less and the damage did not extend 
so far. Conditions at the turbine ends of both 
stators and rotors were normal and that of the 
windings was excellent, confirming that there had 
been no hydrogen explosion or fire. 


APPEARANCE OF FRACTURES 


A superficial examination of the fractures 
in the end-bells revealed no flaws or abnormal 
features. Both bells had parted in the same way 
so that the possibility of a local fault in the 
material was eliminated. The appearance of 
the surfaces of the fracture indicated that a 
crack had started near the centre at a ventilation 
hole and had been propagated normally to the 
plane of principal stress to the edge, where it 
was shrunk on to its rotor body. The remaining 
portion, nearest to the balancing ring, appeared 
to be a shock fracture and to have parted more 
tepidly. The damage was so extensive that it 
is not possible to determine whether the initial 
acture had been in the end-bell, in the rotor 
1t wedges or in the rotor body (that is failure 
the root of the slot teeth). 

One of the cracks in the end-bell of No. 1 
r.achine is shown in Fig. 5 and, as will be seen, 
ethibited no signs of stress corrosion. The 
© sence of this phenomenon was confirmed by 
© 1 examination of every hole in the end-bells from 
\1e turbine ends of the two units which failed, 
3 well as of the four end-bells from the other two 
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Fig. 4 


sets. Stress corrosion cracks in this type of 
non-magnetic austenitic steel are always trans- 
granular, while the cracks in the end-bells, which 
failed in service or under hydraulic test, were 
invariably intergranular. 


PROBABLE SEQUENCE OF EVENTS 


An examination of the rotor slot wedges on 
both sets gave no information to justify any 
suspicion of them. A study of the copper marks 
on the teeth showed that the sequence of failure 
had been: the end-bell and then the rotor 
winding end turns flew out and fouled the 
stator bore; this wrenched out the slot wedges 
and allowed the copper in the slots to rise and 
foul the stator bore and this in turn wrenched off 
the rotor teeth. One other possible cause of 
failure, which was explored, was severe unbalance 
between phases due to a single phase closing of a 
circuit-breaker on a feeder carrying a consider- 
able proportion of the generator output. No 
evidence of such unbalance could, however, be 
found, nor was there any sign of arcing between 
the end-be!l and rotor body or of overheating of 
the slot wedges. 

Further examination of the two bells at the 
exciter ends, which failed in service. revealed that 
24 holes on No. 1 set and 68 holes on No. 2 
set had minute surface cracks. There were, 
however, no cracks in the bells at the turbine 
ends. After testing to failure bv hydraulic 
pressure, the 12 holes in the end-bell of No. 2 
turbine exhibited minute surtace cracks and, 
after cyclic testing to failure, three holes were 
found cracked in the bell of the turbine end on 
No. 1 set. One of these cracks extended from 
the bore to the outside; the other two com- 
menced at approximately the mid-thickness of 
the bell, which is the area of maximum stress. 
In every case the crack was intergranular and 
there was no sign of stress corrosion. It is not 
possible to say what proportion of the cracks 
found in the holes of the end-bells which failed 
in service developed through straightening out. 
Some of them certainly conveyed the impression 
that they were due to the ovality produced in 
this way. All, however, were typical of cracks 
produced by over-stress. 


EXHAUSTIVE MATERIAL TESTS 


To obtain an explanation of the failures it was 
decided to carry out repeated stress cycles by the 
hydraulic method and thus to discover the part 
that fatigue had played in the failures. Fatigue 
tests by the Wéhler method were also made on 
samples of end-bell material and Izod tests were 
carried out at subnormal, normal and above 
normal temperatures. During the cyclic pressure 
tests the turbine end-bell of No. 1 machine failed 
by cracking after it had been subjected to 76 
cycles of stress over a range of 0 to 27-6 tons 
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per square inch. The crack occurred at a 
hole in a similar position to those at which the 
fractures had begun in the two bells that had 
failed in service. A view of this crack is given 
in Fig. 6. Two other holes in the bell were also 
found to be cracked. 

The Wohler tests showed that the fatigue limit 
of the end-bell steel under an alternating stress 
was about + 21 tons per square inch, thus indi- 
cating that the ratio of the fatigue limit to the 
ultimate tensile strength of this steel is about 
0-35, compared with 0-46 for heat-treated steels. 
The cyclic tests on the two end-bells from the 
Toronto machines indicated that failure could 
be brought about by a relatively small number of 
cycles of stress of about the same order of 
magnitude as that occurring in service. The 
Izod tests showed a marked fall in impact value 
with the temperature, but this could not be 
considered relevant to the investigation within 
the range of service operating temperature. 

The results of other destructive and non- 
destructive tests, which are described in the 
paper, provide a warning that when the residual 
stresses are of a magnitude likely to encroach 
seriously upon the margin between calculated 
stress and safe working stress, the latter should, 
if possible, be reduced. Alternatively, every 
form of stress raiser should be eliminated or the 
material should be changed preferably for one 
from residual] stresses. To eliminate every form 
of stress raiser would preclude the use of venti- 
lating holes, thus increasing the rotor tempera- 
ture and bringing it nearer to the point at which 
coil distortion becomes a danger. If ventilating 
holes are retained they must be carefully ground 
after drilling, at least 0-04 in. of material removed 
and the holes subsequently honed to a fine finish. 


VENTILATING HOLES OMITTED 


The 60-cycle four-pole rotor for the No. 3 
Toronto unit had already been completed with 
direct-cooled windings when the failure occurred 
on No. | set at a time when it was uncertain 
whether it was the end-bells which had failed 
first. As a precaution, however, it was decided 
to replace the end-bells on that machine by 
others of chrome molybdenum alloy, which would 
give the required properties by simple heat 
treatment, but would be magnetic. Ventilating 
holes were not required as direct-cooling was 





Fig. 5 Crack in the exciter end-bell. 





Fig. 6 Side of hole near rotor body end on a 

turbine end-bell, which failed after 76 applications 

of hydraulic pressure of mean hoop stress of 
27-6 tons per square inch. 
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to be used. No. 4 rotor was re-machined for 
the direct cooling sub-slots, rewound and fitted 
with magnetic end-bells without ventilating holes. 
In the light of subsequent investigations the 
decision to change the end-bell material and to 
omit ventilating holes was sound. 

Changes, which have been made in forging 
non-magnetic end-bells, have, however, led to 
a reduction in residual stresses and no hesita- 
tion need now be felt in employing this material 
on machines similar to those at Toronto, provided 
direct cooling is adopted and ventilating holes 
are eliminated. Every end-bell after machining 
is at present hydraulically tested to a mean 
hoop stress of 35 tons per square inch and is 
then radiographed, supersonically tested and 
crack detected by the penetrant dye method. 
Had these additional tests been current practice 
at the time of manufacturing the Toronto end- 
bells they would all have been passed. 


EFFECTS OF OPERATING CONDITIONS 


After an all night shut down it seems possible 
that on starting up with the hydrogen cold there 
may be a temperature difference of from 20 to 
25 deg. C. between the rotor body and the end- 
bells. Under such conditions the shrink stress 
and the effective hoop stress will increase at 
running speed and the Izod value of the material 
will decrease. The chief interest in this is the 
cyclic behaviour of the end-bell in which failure 
was induced at a mean hoop stress of 27-6 tons 
per square inch after relatively few reversals. 
The circumstances of operation of the bells 
under consideration cannot be discounted. 

It seems clear that the failure of all the bells, 
both in service and on test, was due to the holes 
which gave rise to considerable stress concen- 
tration. The high hardness gives rise to notch 
sensitivity and the fact that a number of holes, 
other than those at which fracture occurred, 
were cracked indicates a general rather than a 
local onset of fracture conditions. In the 
light of the evidence therefore holes have a sub- 
stantial effect in weakening the end-bells. The 
fact that surface hardness and stress are a 
maximum at the mid-depth of the hole means 
that the plastic flow at this place may be a mini- 
mum. Cracks may then be initiated after 
relatively few repetitions of a range of stress, the 
upper limit of which does not greatly exceed 
that to which the bells might be subjected in 
service. The disposition of the holes has also 
an important effect in determining the behaviour 
of end-bells subjected to stress. It is further 
clear that the effect of holes is to limit the mean 
applied hoop stress at fracture to about 40 tons 
per square inch. The possibility of inertia shock 
from the first machine initiating a crack in the 
second also cannot be ignored. 


BRITTLE FRACTURE 


The features that occurred in the exciter and 
bells of Nos. 1 and 2 units in service and in 
that of No. 4 unit under test resembled charac- 
teristic mild-steel brittle fractures, except that 
they were intercrystalline and not transcrystalline 
or cleavage. This may be accounted for by the 
fact that the material was austenitic steel. The 
conditions generally considered to be associated 
with brittle fractures can be regarded as being 
present in No. | unit, but not in No. 2 unit. 

The three Toronto end-bells, which failed 
with explosive violence, were all at the exciter 
end, the turbine end being in perfect condition. 
No metallurgical reason can be given for this, 
but at the exciter end the cross-over connections 
between the coils blanked off certain ventilating 
holes which were therefore not drilled. This may 
have increased the stress by not more than 
1 ton per square inch at the hole where failure was 
initiated and have determined the actual plane 
of the fracture. 

In matters of such widespread importance as 
the Toronto failures it is clearly the duty of all 
concerned to sift the evidence carefully and to 
publicise the results of every practicable in- 
vestigation as to the cause. This paper is an 
endeavour to make the best possible use of the 
available material and to present the full results 
in a form readily understood by engineers. 


EXTENDING MAST 
VEHICLE 


An Aid to Television Outside 
Broadcasts 


The British Broadcasting Corporation have 
recently taken an extending-mast vehicle into 
service. It is to be used in connection with tele- 
vision outside broadcasts, and will enable the 
paraboloid transmitting and receiving aerials, 
as well as the electronic equipment, which form 
part of the radio link, to be raised to a height of 
just over 60 ft. above the ground. It will thus 
enable obstructions, which might interfere with 
the signals, to be cleared. 

The vehicle itself is a 27-h.p. Bedford chassis 
with four-wheeled drive, on which the necessary 
body work and mast have been mounted by the 
Eagle Engineering Company, Limited, Warwick, 
to the designs of the Engineering Department of 
the Corporation. The mast, which is of tri- 
angular section, is of aluminium alloy and is in 
three parts, which slide one within the other. 
The corner pillars are extruded castings with 
connecting pieces and diagonal riveted bracings. 

As will be seen from Fig. 1, which shows the 
vehicle with the mast extended to its full height 
and the radio link transmitter equipment in 
position, there is a working platform with 
collapsible guard rails at the top of the lowest 
section, while the uppermost section carries a 
stage on which the paraboloid aerial is mounted. 
This aerial, which is 4 ft. in diameter, can be 
rotated continuously through an angle of 
360 deg. in a horizontal plane by a remotely 
controlled electric motor. It is thus possible 
for a pre-determined bearing to be set up to 
within + 4 deg. 

The base of the mast is bolted to a steel frame, 
as shown in Fig. 2, and is hinged to the rear cross 
member of the vehicle chassis, being supported 
on a cradle during transport. The rear of the 
chassis is provided with two screw jacks, which 
bring the hinged shaft into the exact horizontal 


Fig. 1 Vehicle for outside television broadcasts 
with the 60-ft. mast extended and radio link 
transmitter equipment in position. 
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Fig. 2 Base of mast, showing supporting jacks. 


plane before erection. The mast can then be 
extended to its full height by twin hydraulic 
rams which are supplied from a four-cylinder 
reciprocating pump, the latter being driven in 
turn from the gear box of the vehicle. The rams 
are supplemented by hoists to which steel cables 
are attached, and locks are provided to ensure 
that the mast cannot be retracted from the 
selected position. 

When erection has been completed the lowest 
section of the mast is supported on a ball-socket 
jack and is stabilised by three hinged and extend- 
ing jack legs to provide a base 16 in. in diameter, 
as is also shown in Fig. 2. 

Under normal conditions the mast is self- 
supporting, but in high winds guy ropes can be 
attached to the tops of the upper and lower 
sections. 
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FACTORY MAINTENANCE 
CONSTRUCTION 


Novel Use of Fork-Lift Trucks 


During the recent reconstruction of a factory 
workshop it was found to be practicable to use 
the factory fork-lift trucks for raising new lattice 
girders into the roof. The lattice girders, 
60 ft. in length by 3 ft. 6 in. deep and weighing 
30 cwt., were assembled on the shop floor and 
lifted into position using a “* Climax ” 5,000-Ib. 
high-lift Diesel-engined fork truck made by 
Coventry Climax Engines, Limited, Coventry. 
The time taken, from the moment of lashing the 
girder to the fork carriage until final location of 
the girder on the stanchion, was 10 minutes. 
Only very small clearances were available— 
about | in. on the 60-ft. length of the span—and 
the ends of the girder had to be inserted close to 
trunking carrying electrical cables, but the lift 
trucks were found to be well suited to this task. 
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DOUGLAS FIR PLYWOOD 
Film Showing Manufacture and Uses 


A 30-minute sound and colour film entitled 
** Silvaply Today ” was shown under the auspices 
of the Timber Development Association in 
London recently. The film showed the processes 
in the manufacture of Douglas fir plywood by 
MacMillan and Bloedel, Limited, of Vancouver, 
and illustrated the many uses to which it is put in 
North America, including civil engineering, build- 
ing, and farming as well as house building and 
decoration. The prime engineering uses des- 
cribed were concrete shutterwork and building 
up box-type girders and stanchions, though the 
other examples were also impressive. 

Plywood is far more widely used in North 
America than it is in the United Kingdom. in 
Canada, for example, consumption averages 
nearly 50 square feet per head per annum; in the 
United Kingdom the figure is only 8 square feet. 
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Fig. 1 A light sub-machine gun, the Sterling is designed to replace the Sten in the British Army. 
It weighs 6 Ib., and is accurate up to 200 yards. 


THE STERLING SUB-MACHINE GUN 


A NEW STANDARD WEAPON ADOPTED BY 
THE BRITISH ARMY 


The Sterling sub-machine gun, made by the 
Sterling Engineering Company, Limited, Dagen- 
ham, Essex, has been adopted by the British 
Army as the supplementary weapon to the Belgian 
F.N. rifle, replacing the Sten gun. It weighs 
6 lb., and can be fired from the hip, the shoulder 
and—when the butt is folded—with one hand in 
pistol fashion. It can be fitted with a bayonet, 
and complete with bayonet and full magazine 
weighs 8 lb. 4 oz. It has a maximum rate of 
fire of 575 rounds of 9-mm. ammunition per 
minute. 

At the outbreak of the second World War the 
British Army had no sub-machine gun among its 
weapons, and large numbers of Thompson sub- 
machine guns were obtained from America 
until the shortage was relieved by the production 
of the first Sten guns in 1941. The Sten weighed 
74 lb., and was designed to be produced rapidly 
and with the minimum of tooling. At the end 
of the war it was decided to replace the Sten 
by a new design of weapon, and after competi- 
tive trials staged by the Ministry of Supply, 
and subsequent troop tests, the Sterling was 
adopted. 

The “‘ family tree ” of the Sterling is shown in 
Fig. 2. At the top is the German Schmeisser, 
weighing 8} lb. and accurate at 100 to 200 yards. 
Next is the Lanchester, also made by the Sterling 
Engineering Company, which weighs 94 lb. and 
is accurate at 100 to 200 yards; it was produced 
in large numbers for the Royal Navy. The lower 
two sub-machine guns are both Sterlings, the 
upper one being an early model in the develop- 
ment stage. During large-scale troop tests, 
when the Sterling was tested by troops in Korea, 
Malaya and Kenya, certain modifications were 
suggested which have been incorporated in the 
present model. Two of the modifications which 
can be seen in Fig. 2 are the thumb guard just 
below the foresight to prevent the firer’s hand 





- 2 Showing the development of the gun: from top to bottom 
" German Schmeisser; the Lanchester, used by the Royal Navy; 


inadvertently slipping over the barrel, and the 
strengthened design of the butt. 

Details of the Sterling are shown in Figs. 1 
and 3. The barrel case with its cooling holes 
can be held comfortably even after prolonged 
firing. The barrel, which is 7-8 in. long, is 
rifled with six grooves, the process being com- 
pleted in one operation by a broaching tool. 
The bolt has a self-cleaning action; four helical 
ribs with sharp edges are machined out of its 
sides, and as the bolt moves backwards and 
forwards inside the casing they cut away fouling 
and gradually drive it out of apertures in the case. 
The backsight is of the peephole type and has 
two positions, one for 100 yards and the other 
for 200 yards. The magazine holds 34 rounds 
and has a roller-type platform. It operates on 
the double-column feed principle and rounds are 
fed and fired from each column alternately. 
The magazine is loaded by hand and does not 
need a filler or loader. 

The method of operation can be seen from the 
drawing in Fig. 1. When the cartridge is fired 
the propellant gases exert an equal pressure 
against both the bullet and the cartridge case; 
the cartridge case is supported by the bolt 
plus the pressure of the return spring. The 
bullet clears the muzzle with a velocity of 
1,280 ft. per second, and due to the much slower 
rearward movement of the bolt, the cartridge 
case still seals the chamber; gases cannot there- 
fore escape through the breech. As the bolt 
travels to the rear it carries the empty cartridge 
case held in the extractor; the case strikes the 
ejector and is ejected through an opening on the 
right-hand side of the weapon, shown in Figs. 2 
and 3. When the bolt reaches the limit of its 
rearward travel it is forced forward by the 
compression of the return spring, and while 
moving forward contacts the top round in the 
magazine, which is guided by the magazine lips 


\ 


position. 


a prototype Sterling; the | production model Sterling. 
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into the chamber. The bolt then follows up 
on the round, finally positions it in the chamber, 
and fires it just before the forward movement 
ceases. During the forward movement of the 
round from the magazine, the firing pin of the 
bolt cannot come into line with the percussion 
cap of the cartridge until the round is actually 
in the chamber. Upon firing, the rearward 
movement again commences. 

The change lever, which is incorporated in the 
trigger mechanism, has three positions. When it 
is set to automatic, the gun will fire until pressure 
is released from the trigger or until the magazine 
is empty. When it is in the single-shot position 
the trigger must be fully released and again 
pressed for each shot. The change lever can 
be set to safety whether the bolt is in the forward 
or rearward position. The weapon is accurate 
up to 200 yards, and although accuracy is 
not claimed beyond this range it can be lethal 
at ranges up to about 500 yards. 


“ ® ©& 


ELECTRICAL INSTALLATION 
CONTRACTING 


National Inspection Council to be Set Up 


A National Inspection Council for Electrical 
Installation Contracting is to be set up. It will 
prepare and maintain a roll for Great Britain 
and Northern Ireland, the Channel Islands, the 
Isle of Man and Eire of approved electrical 
installation contractors. who shall have given 
evidence of their competency by conforming with 
the rules and regulations of the Council and have 
undertaken the responsibility required by the 
conditions of enrolment. 

It will issue certificates, which will enable the 
public to recognise contractors who have given 
evidence of their competency; inspect electrical 
installation work in Great Britain and Northern 
Ireland to determine whether it conforms with 
the standards laid down in their regulations; 
and encourage improved methods of protecting 
consumers against faulty or unsafe installations 
and appliances. It will also bring to public 
notice matters concerned with the safety, stand- 
ardisation, development and improvement of 
electrical installations. 


* 2. 2 
WORLD POWER CONFERENCE 


In connection with our announcement, on 
page 168 of our issue of February 11, regarding 
the Fifth Plenary World Power Conference, to 
be held at Vienna from June 17 to 23, 1956, we 
have been asked to state that all correspondence 
and inquiries regarding the meeting should be 
addressed to the appropriate National Com- 
mittee and not the headquarters secretariat of 
the Conference. The address of the British 
National Committee is 201-2, Grand Buildings, 
Trafalgar-square, London, W.C.2. 





Fig. 3 The Sterling is shown with the butt folded forwards in the emergency 
Among the parts shown aré the magazine, bolt, return spring, trigger 
"group and bayonet. 

















Fig. 1 
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Meteor aircraft fitted with deflector units enabling the jets to be directed downwards at 


60 deg. The minimum flying speed is reduced by more than 20 knots. 


RESEARCH AND CIVIL AVIATION 


“* The Influence on Civil Aviation of Some Current 
Researches,” was the subject of the Brancker 


Memorial Lecture given before the Institute of 


Transport in London on February 14, by Sir 
Arnold Hall, F.R.S., Director of the Royal 
Aircraft Establishment. In his lecture, which 
covered the economics of long-range aircraft, 
the supersonic airline, jet lift, boundary-layer 
control, fatigue with special relation to aluminium 
alloys, noise, navigation and communication, and 
landing aids, Sir Arnold laid great emphasis on 
the need for greater reliability and safety, and in 
particular for lower approach speeds. Given 
below is a report of his paper. 


The next generation of long-range aircraft, 
cruising at 500-600 m.p.h., would, Sir Arnold 
said, have substantially lower operating costs 
than present long-range air liners. He believed 
that the turbo-jet aircraft could operate compara- 
tively cheaply at speeds appreciably higher than 
the turbo-propeller aircraft. Whereas a present- 
day air liner had a direct operating cost of about 
35 pence per capacity long-ton nautical mile, the 
comparative figure for the high subsonic aircraft 
would be about 18 pence. 


SUPERSONIC AIRLINER 


Discussing the potentialities of the supersonic 
civil aeroplane, the lecturer said that on the basis 
of present knowledge, the operating cost of the 
supersonic air liner for a 2,000-mile stage length 
appeared to be about 20 per cent. higher than 
present costs. It was probable that much more 
knowledge would be available when the time 
came to build such an aircraft, and he suggested 
that only a slight improvement in aerodynamic 





Fig. 2 Vampire with porous wing skin section, 

through which air is sucked to maintain laminar 

This reduces the drag of this part of the 
wing to 4 of its initial value. 


flow. 
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difficult to maintain laminar flow on a swept-b. ck 
wing than on a straight wing. 

From economic studies, Sir Arnold dedi ced 
that there was little to be gained from “* lami~ar- 
ising’ an aircraft of the London-New \ ork 
non-stop type unless much more of the sur ice 
than wings alone were treated. This a: )se 
because of the need to maintain adequate take off 
and landing performance, which limited the 
possible reduction of wing area and engine po. er, 
and because of increased first cost and main en- 
ance costs. If the whole of the aeroplae’s 
surface were treated, a substantial saving in 
direct costs might be obtained, but the engin: er- 
ing difficulties were formidable, and, he thou ht, 
not practicable for the next generation of aircraft. 


GLASS-FIBRE REINFORCED PLASTICS 

Turning to the structural field, Sir Arnold 
said that, up to twice the speed of sound, the 
only material likely to compete with the alumin- 
ium alloys were glass-fibre reinforced plastics 
from which fuselages could be easily formed on 
simple tools, no heavier and probably more 
cheaply than an alumiinium-alloy fuselage, and 
probably free from fatigue problems. 

Discussing fatigue, he said that much informa- 


. tion had been acquired recently on the distribu- 


efficiency in supersonic conditions would enable 
the higher annual earning capacity of the 
supersonic aircraft to be exploited economically. 


INCREASING LIFT FOR TAKE-OFF 


Concerning take-off and landing, Sir Arnold 
said that length of runway was one of the best 
landing aids in bad weather. It would be folly 
to penalise the efficiency of the aircraft as a 
flying machine to save on airport costs. The 
civil-engineering requirements of aviation, he 
suggested, looked ‘“‘far less monstrous” if 
compared with the corresponding needs of a 
railway system. 

The problem of providing more lift to reduce 
approach and take-off speeds could be tackled 
in two ways: the wing might be made to throw 
sufficient air downwards at a lower forward 
speed, or the wing lift might be augmented or 
replaced by a downward jet generated by 
machinery. Adequate control must be provided 
at the lower flying speeds obtained. The specific 
weight of jet engines was now low enough to 
allow for blowing air over the trailing-edge flaps 
to delay flow break-away and increase wing lift. 

** Machine-generated jet lift’ could be pro- 
vided either by installing engines for the sole 
purpose of creating downward jets, as in the 
** Flying Bedstead,” or by deflecting downwards 
the jets of the main propulsion engines. Fig. 1 
shows a Meteor aircraft converted by Westland 
Aircraft, Limited, Yeovil, for experimental 
investigations on the downward deflection of the 
main propulsion jets from two Rolls-Royce 
Nene engines. The deflector unit itself was 
designed and constructed by the National Gas 
Turbine Establishment. This type of installation 
could produce useful effects only if the thrust 
were a substantial fraction of the weight of the 
aeroplane, a condition found in military rather 
than civil aircraft. In the Meteor, the propulsive 
jets could be deflected 60 deg. downward, and 
the aircraft was capable of a stable minimum 
flying speed more than 20 knots lower than the 
standard type. The key to the practical applica- 
tion of these ideas was clearly the availability 
of engines light in weight in relation to the thrust 
they developed; this stage would soon be here. 

Fig. 2 shows an experimental porous section 
on the wing of a Vampire aircraft through which 
air was sucked continuously. By this means it 
had been found possible to maintain laminar 
flow in flight over the whole surface, reducing the 
skin friction over the section of the wing con- 
cerned to about one-quarter of its initial value, 
taking account of the pumping power. This 
result could, however, only be maintained if the 
smoothness and lack of waviness of the surface 
were preserved. It was also found much more 





tion and intensity of gusts all over the world. 
Such gust surveys enabled realistic oscillatory 
loads to be applied in air-loading and cabin- 
pressure fatigue tests on whole aircraft, and 
enabled the results to be interpreted in terms of 
flying hours. A “‘ gust fatigue meter ” had been 
developed at Farnborough recently which 
recorded the gust loadings experienced by an 
aircraft and which would act as a guide to the 
replacement of ‘* fatigue-worn-out ”’ parts (especi- 
ally in the wing) in the particular machine 
rather than on the basis of the average experience 
of the type. This should make possible some 
maintenance economies. 


METAL EXUDED FROM SLIP-BANDS 


Some interesting discoveries had been made 
recently at Farnborough in repeated load tests 
on small polished specimens of aluminium alloy 
(vibrated electro-magnetically). Metallurgical 
changes had been observed in the alloy before 
fatigue-cracking occurred: thin metallic ribbon, 
had been exuded from the crystal surfaces, as 
shown at a magnification of x 1,500 in Fig. 3. 
where 4-per cent. copper-aluminium alloy had 
been subjected to repeated loading. These 
ribbons left a crevice in the surface which 
might develop catastrophically. Fig. 4 showed 
a crack proceeding along such a region. 





Fig: 3 Metal exuded between slip-bands in a 
4-per cent. copper-aluminium alloy under repeated 
loadi : 


loading. 
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Fig. 4 Crack progressing along region weakened 
by exudation. 


A possible explanation was that the slip 
produced under repeated loading caused a high 
temperature which in turn precipitated the alloy- 
ing atoms so producing a soft matrix of pure 
aluminium in which were embedded large 
aggregates of precipitates. The soft spots 
were then extruded under the alternating stress, 
and the crevice was formed causing stress con- 
centrations which aggravated the phenomenon 
and eventually produced a crack. If this explana- 
tion were correct, a higher fatigue resistance in 
aluminium alloys could result if it were possible 
to choose alloying constituents which would 
not precipitate under these circumstances. 

Other developments referred to by Sir Arnold 
were means of reducing propeller noise by chang- 
ing the thrust distribution of the blades; single- 
sideband radio-telephony transmission which 
improved the frequency of successful message 
transmission under difficult conditions some three 
times; and bad-weather landing aids. These fell 
into three categories—automatic landing, fog 
dispersal, and taxi-ing aids. 


AUTOMATIC LANDING AND FIDO 


The Royal Aircraft Establishment had carried 
out experimental automatic landings on an 
airfield equipped with the I.L.S. radio beam 
system to define the approach path, and with a 
leader-cable system carrying an alternating 
current. The I.L.S. signals were fed into the 
aircraft’s automatic pilot, guiding the aircraft 
down the approach path. On reaching the 
critical height at which the pilot would normally 
change over from the I.L.S. system to visual 
landing, control of the automatic pilot was 
transferred from the radio beam to elements in 
the aircraft which, deriving their information 
from the magnetic field of the leader cable 
system, landed the aircraft automatically. 

Wartime Fido equipment, which used petrol, 
was costly to operate since a warm-up period of 
about 20 minutes was required during which 
dense smoke was produced. A new system had 
been produced operating on inexpensive gas-oil. 
Atomising burners could be opened up without 
a preliminary warm up, and cut-off immediately 
on shut-down. The system gave a clean flame 
providing about 30 therms per yard per hour 
on about 18 gallons of gas oil per yard per hour. 
_ “uture developments, said Sir Arnold, might 
include a system of “‘ radar-television ’’ providing 
a dicture of the airfield ahead of :the aircraft 
en ibling the pilot to land without other aid. 
Watever system was used for bad visibility 
Of eration, the pilot’s task was simplified as the 
ap roach speed of the aircraft was lowered. 
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The first factory to be opened at the Peterlee Trading Estate in County Durham is for the 
spinning of wool into yarn. 


INCREASING WORSTED YARN 


PRODUCTION 
NEW FACTORY OPENED AT PETERLEE 


The Peterlee Trading Estate in County Durham 
is one of several being developed by North 
Eastern Trading Estates, Limited, to provide 
the area with alternative industries to mining. 
The first factory opened at Peterlee is that for 
Jeremiah Ambler, Limited, and the ceremony was 
performed on February 11, by Mr. W. Deedes, 
Parliamentary Secretary to the Ministry of 
Housing and Local Government. A view of the 
factory showing the front entrance is given above. 
The blending and spinning of combed wool are 
the processes that will be undertaken in it. 


CONSTRUCTION DIFFICULTIES 


Since the factory is built in a mining area, 
special precautions were taken in both design 
and construction to allow for subsidence, 
although the coal workings have not yet reached 
the site. It was assumed that subsidence would 
probably move as a wave across the width of 
factory which is 280 ft. long by 156 ft. wide, 
lying east and west. A centre row of stanchions 
divides it into two shops each with a clear span 
of 78 ft. These stanchions are mounted on 
rocker plates, while those at the outside are on 
rollers to allow for any movement that may 
take place up to 3 in. each way. Another point 
which the contractors, Bovis, Limited, 1 Stan- 
hope-gate, London, W.1, had to consider was the 
size of the spinning machines, nearly 40 ft. long 
by 20 ft. wide, each of which had to be mounted 


on a single slab. Consequently it was decided 
to make the floor of a series of reinforced- 
concrete slabs, each 40 ft. by 20 ft., joined by 
high-tensile steel dowels which will allow some 
relative movement. The settlement joint is 
covered by tiles, set in bitumen, which can easily 
be replaced if fractured. A granolithic surface 
was used and treated to be free from dust. Care 
was taken to cast the slabs so that they would be 
free from cracking and crazing. 

The main factory building is steel framed, 
with aluminium cladding. Natural lighting is 
provided by a glazed clerestory starting at 
11 ft. 6 in, from floor level and extending round 
the factory except for the loading bays. In 
addition, there are two high-level monitors in 
each span, extending the full length. Fluorescent 
tubes supply the artificial lighting. Because the 
whole has to be air conditioned, double glazing, 
with a one inch air space, is used to reduce heat 
loss. For the same reason, the walls are double 
skinned, being lined internally with 2-in. Stramit 
boarding faced with hardboard, and externally 
with 20-s.w.g. corrugated aluminium sheeting. 
Insulation is employed between the aluminium 
and the other metals to prevent electrolytic 
corrosion. The roofing of all the buildings is 
‘“*Bitumetal” aluminium decking. The insula- 
tion of the main factory and the loading bays 
is composed of a vapour barrier (a sheet of 
material used to prevent moisture reaching the 





The machinery employed is both British and American and is designed for high spindle speeds. 
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heat insulating material) and a 1-in. cork board 
bonded to the vapour barrier and the decking 
by hot oxidised bitumen. The whole is weather- 
proofed externally with Challenge bitumen 
roofing and limestone chippings. 


GRADED HUMIDITY 


Eighteen separate units supply conditioned air 
to the factory. These maintain the pressure 
inside the building above that outside; double- 
door air locks prevent excessive loss from the 
building. For all spinning processes it is neces- 
sary to have not only a constant temperature but 
also a constant humidity both to keep the wool 
soft and to prevent the generation of static 
electricity by the rapidly moving slivers. The 
latter is to be particularly avoided as the charged 
strands would collect any dust or dirt particles 
that might be present and so lose their whiteness. 
The large number of conditioning units (which 
were supplied by Mellor, Bromley and Company, 
Limited, St. Saviour’s-road, Leicester) was 
decided upon because it avoided the use of very 
long runs of trunking which would have had to 
be arranged to allow for subsidence movement. 
Also, with this number of units, the manufac- 
turers state that a graded humidity is maintained 
in the factory to give the ideal conditions for 
each process. The humidity in the roving and 
drafting section is maintained at 75 per cent., 
in the spinning and twisting at 60 per cent., 
and in the finishing section at 65 per cent. 
The temperature throughout is maintained at 
65 deg. F. within 2 per cent. 

All the units which comprise this plenum 
system are mounted in the roof space and so 
require no floor area. Some of the trunking 
can be seen in the lower illustration. Each unit 
is entirely separate and has its own intake and 
thermostatic and humidity controls. Six changes 
of air are provided each hour. The plant is 
capable of both warming the air in winter and 
cooling it in summer. A resistance indicator 
mounted in each air filter shows when the 
element requires changing; additional fog- 
filtering elements can be brought into use during 
winter fog conditions. 

The main office and administrative block, 
which is in the foreground of the first illustration, 
together with the canteen and ancillary buildings, 
are of load bearing brick. Heating for all the 
buildings, and steam for the conditioning plant, 
is provided by two treble-pass economic boilers 
fitted with automatic controls and automatic 
stokers. Water for these boilers is treated by 
the Alfloc process. The factory was designed 
by Sir William Holford and Mr. W. M. Shennan; 
erection, including site preparation was com- 
pleted in slightly under twelve months. 


HIGH-SPEED MACHINES 


As stated earlier, the processes to be carried 
out in the factory are the drafting and spinning 
of wool. In order to meet present-day com- 
petition, a mixture of British and American 
machines have been installed to give the high 
output per shift that is required. It is believed 
to be the first time that American long-draft 
machines have been used in this country. 

The lower illustration shows the layout of the 
machines in one half of the factory; those for 
the other half have yet to be installed. In the 
front are the pin drafting machines, including 
types by Holdsworth, Warner and Swasey, and 
Speed-O-Gill machines by Prince Smith and 
Stells. (The latter were described in ENcI- 
NEERING, vol. 178, page 600, 1954). Next are 
Saco-Lowell 96-spinile spinning machines and 
behind them again, the doublers and twisters. 
Platt Brothers’ and Prince-Smith and Stells’ 
machines are also installed. 

Local labour is being employed to operate all 
the machines. Before the Peterlee factory was 
complete, a pilot set-up was arranged at West 
Hartlepool where training was given to some of 
the girls. These, in turn, have passed on their 
knowledge to the remainder; it is expected that 
about 180 women will eventually be employed 
and 160 men. When full production is achieved, 
the factory will be working three shifts. 
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Fig. 5 General view of the 13 ft. by 9 ft. low-speed wind tunnel at Bedford. 


WIND TUNNELS AT R.A.E. AND N.A.E. 


2—SUBSONIC, TRANSONIC AND SMALLER 
SUPERSONIC TUNNELS 


This is the second of two articles on the latest 
aerodynamic research facilities of the National 
Aeronautical Establishment, Bedford, and the 
Royal Aircraft Establishment, Farnborough. The 
first article, published in last week’s issue, de- 
scribed the 3-ft. square transonic and supersonic 
tunnel, the 8-ft. square supersonic tunnel, and a 
vertical spinning tunnel, all at Bedford. 


For investigating the control parameters and 
flow characteristics at low flight speeds, the 
tunnel powers required are, naturally, much 
smaller. The principal problem is to achieve 
a uniform air flow of low turbulence, by means 
of long tapering diffusers to avoid flow separation, 
large settling chambers, and flow-straightening 
screens upstream of the working section. In 
the two major low-speed research tunnels in 
use in the United Kingdom, the 8 ft. by 114 ft. 
tunnel at Farnborough, which has been in 
operation since 1943, and the 13 ft. by 9 ft. 
tunnel at Bedford, flow uniformity to 1 part in 
1,000 and a turbulence level down to 1 part in 
10,000 have been achieved; at this level the 
sound waves from the turbulent boundary layer 
on the tunnel walls are the main disturbance 
in the airstream. 


LOW-SPEED BEHAVIOUR OF 
SUPERSONIC AIRCRAFT 

The new 13 ft. by 9 ft. subsonic tunnel (Fig. 5) 
at Bedford is designed for investigating landing, 
take-off and low-speed flight characteristics of 
high speed aircraft models. It is of the closed- 
circuit atmospheric type with a maximum airspeed 
of 300 ft. per second. The tunnel is driven 
by a 30-ft. diameter 6-blade fan driven, through 
bevel gearing, by a 1,500-h.p. electric motor 
outside the tunnel structure. The clearance 
between the fan and the tunnel wall, which at 
this section is of steel, is only % in.; and the 
tolerance on concentricity is +4 in. Should 
rubbing ever occur between the fan-blade tips 
and the wall, contact switches on the wall will 
cut the fan motor out. 

The contraction ratio of the tunnel is 16 to 1 
and the diffuser angle is 5 deg. The working 
section itself is in wood, while the main part 
of the tunnel structure, other than the fan section, 
is in reinforced concrete, the interior of which 
is treated to harden the surface and suppress 
dust formation. Four phosphor-bronze fine- 
mesh screens, the sections of which are brazed 
together, are fitted in the 46-ft. high settling 
chamber to ensure low turbulence. 


AUTOMATIC RECORDING MANOMETER 
BANK 


Whereas strain-gauge balances have become 


the standard means of force measurement in the 
high-speed tunnels, this tunnel employs a six- 
component overhead force- and moment-balance 
on which the model is suspended upside down. 
For pressure plotting, an experimental auto- 
matically-recording multi-tube manometer has 
been successfully developed, in which sequence- 
controlled wire probes detect the meniscus in 
each manometer in turn, causing a _ servo- 
mechanism to operate an electronic typewriter. 

Auxiliary plant for the 13 ft. by 9 ft. tunnel 
includes compressors and evacuators for pro- 
ducing flow for boundary-layer control on 
models, and also an electrical supply for small 
motors in the model to drive propellers or a 
fan producing jet flow. 


SUPERSONIC TESTS AUTOMATICALLY 
RECORDED 


Much of the high-speed research work of the 
aerodynamics section has been carried out in the 
18-in. square continuous supersonic tunnel at 
Farnborough in which the pressure can be 
varied from 0-1 to 2:8 atmospheres and the 
speed from Mach 1:4 to Mach 2-2. Power is 
supplied by seven-stage axial compressor, with 


Fig. 6 Part of the plant serving a bank of six 

small high-speed tunnels for Mach numbers 

ranging from 1-3 to 4-8, showing some of the| 
vacuum pumps. 
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Fig. 7 The 8 ft. by 6 ft. transonic tunnel now under construction at Farnborough, and a 4-scale 
‘¢ by-pass ’’ tunnel which is served by the 8,000-h.p. auxiliary compressor of the large tunnel when the 
latter is not in use. 


variable rotor-blade settings for controlling the 
pressure ratio while the tunnel is in operation. 
The compressor is driven by a 7,000-h.p. syn- 
chronous motor operating at 3,000 r.p.m. 
Auxiliary equipment includes a refrigerator, 
activated-alumina drying equipment, three 
vacuum pumps for starting up the tunnel, and 
an auxiliary compressor and pressure vessel. 
Five fixed but interchangeable nozzles provide 
for varying the test Mach number. 

Strain-gauge readings of the loads and moments 
on the model, which is mounted on a sting in 
such a way that incidence, and angle of yaw 
can be varied, one measured on self-balancing 
potentiometers which control two automatic- 
recording systems; readings are taken from 
each channel to a central scanner and are 
then fed either to an automatic typewriter or 
to a punched-card system, the card being used 
to feed an automatic computing system which 
converts the results to the required coefficient 
form. 


TUNNELS FOR SPEEDS 
UP TO MACH 4-5 


Associated with the plant of the 18-in. tunnel 
are four intermittent supersonic tunnels in which 
Mach numbers up to 4:5 can be achieved for 
afew seconds. Although not every type of test 
can be carried out in such tunnels, they form a 
useful means for obtaining certain high-speed 
data comparatively economically. 

Two large steel vessels are evacuated by a 
battery of vacuum pumps which exhaust into 
a fabric balloon housed in a shed, in which the 
airis dried. Each tunnel is connected between the 
pressure balloon and the evacuated vessels, and 
is operated by opening an electrically-controlled 
quick-acting valve, between the tunnel and the 
vacuum containers. In the largest of these 
tunnels, which has a working section 15 in. by 
16 in., a 20-second run can be made every 
20 minutes, or shorter runs can be made more 
frequently. This plant is particularly suitable 
for ‘ests in which frequent changes in the model 
conguration is required, such as_ control- 
surf..ce load tests, since starting and stopping is 
simile. 

A battery of six small high-speed tunnels (Fig. 
6), \.'th working sections ranging from 5 in. square 
to 15 in. square and Mach number ranges from 
1:3 to 4-8, is known at Farnborough as the 
“H ch Altitude Test Plant ’ supersonic labora- 
tory because it is derived from plant that had 
bee: in use during the second World War for 
test) g engine components under high-altitude 
con..itions. The maximum static pressure which 
can be obtained in these tunnels varies from 


atmospheric, at Mach 1-3, to 5 atmospheres in 
the smaller tunnels at Mach numbers above 3. 

The plant consists of 18 Nash Hytor water- 
sealed vacuum pumps and three Brown Boveri 
centrifugal exhausters; equipment was also 
available in the form of two Butterley refriger- 
ating engines and an activated-alumina dryer 
for reducing the water content of the air to be 
used in the supersonic tunnels to absolute 
humidities of less than 0-02 per cent. More 
recently, further plant has been installed, con- 
sisting of two Jaeger seven-stage centrifugal 
compressors and seven Bristol Hercules centri- 
fugal superchargers, to boost the pressure of the 
air up to 5 atmospheres before reaching the 
tunnels. The tunnels and plant are arranged 
so as to give each tunnel a choice of plant from 
which to run and in some cases more than one 
tunnel can be run at the same time. To give the 
required conditions for some tests, however, 
all the plant is needed and under these conditions 
the total horse-power used is over 15,000. 

Each tunnel has been adapted for a particular 
aspect of supersonic flight so as to avoid long 
delays while test rigs are being changed. For 
example, specialised tunnels are used for testing 
designs of air intakes for gas turbines and ram 
jets, and for investigations into the character- 
istics of boundary-layer flow and aerodynamic 
heating problems. One of the tunnels has been 
developed so that tests can be made in which the 
hot gas stream from an engine, for example, is 
reproduced in the wind tunnel model; this is 
mainly for the investigation of the pressures on 
the model in the vicinity of the jet stream. 


LARGE TRANSONIC TUNNEL 

As mentioned last week, the 10 ft. by 7 ft. 
high subsonic tunnel which has been in operation 
at Farnborough since 1942 is now undergoing 
conversion for use as an 8 ft. by 6 ft. transonic 
tunnel operating over the range Mach 0-15 to 
Mach 1-2. It is intended to use this as the 
main tunnel for tests on complete aircraft 
models at sonic speeds. The main drive power 
is being increased from 4,000 h.p. to 12,000 h.p. 
to increase the density, and the new tunnel will 
have a range of Reynolds number of 0-6 to 
5 million per foot of wing chord at low speeds, 
and 3-5 million per foot of wing chord at high 
speeds. The contraction ratio is 9-4 to 1. 

Fig. 7 shows an outside view of the tunnel 
as it will be when completed. The working 
section is parallel, and when working at sonic 
speed it is vented by an auxiliary 8,000-h.p. 
compressor which returns the vented air to the 
main air circuit on the downstream side of the 
fan. Automatic typewriter records of force 
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measurements will be employed in this tunnel 
also. The plant includes 880-h.p. evacuating 
machinery and an ammonia refrigerator for 
circulating cooling brine round the tunnel. 

As may be seen in Fig. 7, another small 
tunnel is connected in parallel with the transonic 
tunnel which can utilise the 8,000-h.p. auxiliary 
compressor when the large tunnel is not in use, 
the latter being isolated from the circuit by 
means of valves. This tunnel, with a working 
section of 2 ft. by 14 ft., will have a Mach 
number range up to 1-4 and a Reynolds number 
at high speed of 4 million per foot chord. This 
tunnel is in fact a quarter-scale model of the 
main transonic tunnel. 


FUTURE POSSIBILITIES 


Beyond Mach numbers of about 5, supersonic 
tunnels of the type in use at present at Farn- 
borough are no longer practicable, since the 
air as it expands to these high speeds liquefies. 
To overcome this difficulty, a tunnel has been 
designed in which the air, heated to 600 deg. C. 
over red-hot plates, passes through a quartz 
working section at speeds up to 8 or 9 times the 
speed of sound. Other techniques under develop- 
ment include the use of shock tubes in which a 
diaphragm divides the tube into two compart- 
ments containing gases at different pressures; 
rupture of the diaphragm gives rise to a shock 
wave followed by a very brief period of steady 
flow which could be utilised for testing models 
at transonic or supersonic speeds in the same 
way as in a wind tunnel. 


x k * 
LAUNCHES AND TRIAL 
TRIPS 
M.S. ‘ FirBy QUEEN.”—Single-screw trawler, 


built by John Lewis and Sons, Ltd., Aberdeen, for 
Talisman Trawlers, Ltd., Lowestoft. Third vessel 
of a series of four for these owners. Main dimensions: 
100 ft. between perpendiculars by 20 ft. by 10 ft. 9 in. 
Six-cylinder Diesel engine, developing 440 b.h.p. at 
300 r.p.m., constructed by Crossley Brothers Ltd., 
Openshaw, Manchester, 11. Trial trip, January 27. 

M.S. ‘‘ CooRANGA.”’—Single-screw cargo vessel 
for the carriage of fruit, and having accommodation 
for twelve passengers, built and engined by Burmeister 
& Wain Ltd., Copenhagen, Denmark, for the 
Rederiaktiebolaget Transatlantic, Gothenburg. Main 
dimensions: 365 ft. between perpendiculars by 54 ft. 
by 33 ft. 2 in. to upper deck; deadweight capacity, 
4,270 tons on a draught of about 23 ft. 4 in.; 
refrigerated-cargo capacity, about 6,260 cub. metres. 
B. and W. seven-cylinder single-acting two-stroke 
Diesel engine of latest crosshead type with exhaust 
turbo-charging, having a cylinder bore of 244 in. 
(620 mm.) and a piston stroke of 45} in. (1,150 mm.). 
The engine is arranged for burning heavy oil and 
has a normal output of 5,750 b.h.p. at 150 r.p.m. 
Speed, 17} knots fully loaded. Delivered, January 28. 

M.S. ‘“‘ Woo_wicH.”—Single-screw cargo vessel, 
built by the Caledon Shipbuilding and Engineering 
Co., Ltd., Dundee, for the Britain Steamship Co. 
Ltd. (Managers: Watts, Watts & Co., Ltd.), London, 
E.C.2. Main dimensions: 435 ft. between per- 
pendiculars by 58 ft. 6 in. by 38 ft. to shelter deck; 
deadweight capacity, about 10,000 tons on a draught 
of 27 ft. Stephen-Doxford two-stroke opposed- 
piston reversible oil engine, developing 4,400 b.h.p., 
constructed by Alexander Stephen and Sons, Ltd., 
Glasgow. Service speed, about 13 knots. Launch, 
February 8. 


M.S. ‘*‘ WARRINGA.”—Single-screw cargo vessel, 
built by the Burntisland Shipbuilding Co., Ltd., 
Burntisland, Fife, for the Tasmania to Australia 
trade of Huddart Parker Ltd., Melbourne. Main 
dimensions: 320 ft. between perpendiculars by 
49 ft. 6 in. by 29 ft. 8 in. to shelter deck; deadweight 
capacity, 4,300 tons. Ailsa-Doxford four-cylinder 
opposed-piston Diesel engine developing 2,000 b.h.p., 
installed by the shipbuilders. Engine arranged to 
burn heavy-fuel oil. Launch, February 9. 

M.S. “ Havséy.”—Single-screw oil tanker, built 
and engined by the Gétaverken Shipyard, Gothen- 
burg, Sweden, for Skibs A/S Truma, dal, 
Norway. Main dimensions: 550 ft. overall by 
60 ft. by 39 ft. 3 in.; deadweight capacity, about 
17,400 tons on a draught of 30 ft. 2 in. Gétaverken 
nine-cylinder single-acting two-stroke Diesel engine, 
developing 6,750 b.h.p. at 112 r.p.m. Speed, about 
15 knots, fully loaded. Delivered, February 10. 
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FORTHCOMING EXHIBITIONS AND 
CONFERENCES 


This list appears in the last issue of each month. An 
asterisk(*) indicates events appearing in the list for 
the first time. Particulars of forthcoming exhibitions 
and conferences not included below may have appeared 
in ENGINEERING, January 28, page 126. Organisers 
are invited to send to the Editor particulars of forth- 
coming events as soon as arrangements are made. 


IDEAL Home ExuisiTion.—Tues., Mar. 1, to Sat., 
Mar. 26, at Olympia, London, W.14. Organised 
by Associated Newspapers, Ltd., New Carmelite 
House, London, E.C.4. Tel. CENtral 6000. 


*RADIO COMPONENTS, ELECTRONIC TUBES, ACCES- 
SORIES, AND RADIO ELECTRICAL MEASURING 
INSTRUMENTS EXHIBITION.—Fri., Mar. 11, to Tues., 
Mar. 15, in Paris. Exhibition offices: 23 Rue de 
Lubeck, Paris. 


VIENNA INTERNATIONAL SPRING Fair (36TH).—Sun., 
Mar. 13, to Sun., Mar. 20. Agents: The British 
Austrian Chamber of Commerce, 29 Dorset-square, 
London, N.W.1. Tel. PADdington 7646. 


(A.S.E.E.) ELECTRICAL ENGINEERS’ EXHIBITION.— 
Tues., Mar. 15, to Sat., Mar. 19, at Earl’s Court, 
Lendon, S.W.5. Sponsored by the Association 
of Supervising Electrical Engineers, 23 Blooms- 
bury-square, London, W.C.1. Apply to Mr. P. A. 
Thorogood, Electrical Engineers (A.S.E.E.) Exhibi- 
tion, Ltd., 23 Bloomsbury-square, London, W.C.1. 
Tel. MUSeum 3450. 


CHEMICAL ENGINEERS’ FUNCTIONS AND EDUCATION, 
CONFERENCE ON.—Mon., Mar. 21, to Wed., Mar. 
23, at Church House, Dean’s Yard, London, 
S.W.1. Organised by the Institution of Chemical 
Engineers, 56 Victoria-street, London, S.W.1. 
Tel. VICtoria 6161. See ENGINEERING, October 15, 
1954, page 512. 


TRON AND STEEL ENGINEERS, ASSOCIATION OF 
(AMERICAN).—Western Meeting: Mon., Mar. 21, 
to Wed., Mar. 23, at San Francisco. Spring 
Conference: Mon., April 25, to Wed., April 27, 
at Detroit. Annual Convention: Mon., Sept. 26, 
to Thurs., Sept. 29, at Chicago. Apply to Asso- 
ciation of Iron and Steel Engineers, Empire 
Building, Pittsburg 22, Pa., U.S.A. 


RADIO ENGINEERING SHOW.—Mon., Mar. 21, to 
Thurs., Mar. 24, at Kingsbridge Armory, New 
York. Apply to William C. Copp, Institute of 
Radio Engineers, 1475 Broadway, New York 36. 


UTRECHT INTERNATIONAL SPRING FAir.—Tues., 
Mar. 22, to Thurs., Mar. 31. Agent: Mr. W. 
Friedoff, 10 Gloucester-place, London, W.1. 
Tel. WELbeck 9971. 


COPENHAGEN INTERNATIONAL Fair (9TH).—Fri., 
Mar. 25, to Sun, April 3, Technical Section. 
Fri., April 15, to Sun., April 24, Commercial 
Section. Organised by Dansk Udstillings Syn- 
dikat A/S, Forums Anneks Julius, Thomsens Plads, 
Copenhagen K, Denmark. 


FAcToRY EQUIPMENT EXHIBITION (THIRD).—Mon., 
Mar. 28, to Sat., April 2, at Earl’s Court, London, 
S.W.5. Apply to Mr. J. E. Holdsworth, 117 
Kingsway, London, W.C.2. Tel. CHAncery 2318. 


PROTECTION OF STRUCTURAL STEEL.—Thurs., Mar. 
31, and Fri., April 1, at the Institution of Civil 
Engineers, Great George-street, London, S.W.1. 
Symposium organised by the Corrosion Group of 
the Society of Chemical Industry. Communica- 
tions to Mr. S. C. Britton, Tin Research Institute, 
Fraser-road, Perivale, Middlesex. Tel. Perivale 
4254. See ENGINEERING, November 26, 1954, 
page 682. 

BOUNDARY LAYER EFFECTS IN AERODYNAMICS.— 
Thurs., Mar. 31, and Fri., April 1, at Teddington. 
Apply to the Director, National Physical Labora- 
tory, Teddington, Middlesex. 


MILAN INTERNATIONAL SAMPLES Fair.—Tues., April 
12, to Wed., April 27. Agent: Dr. V. Schiazzano, 
652 Grand Buildings, Trafalgar-square, London, 
W.C.2. Tel. WHitehall 5521. 


Lyons INTERNATIONAL TRADE Fair.-—Sat., April 16, 
to Mon., April 25. Agents: Robert Brandon and 
Partners, Ltd., 47 Albemarle-street, London, W.1. 
Tel. HYDe Park 0901. 


Swiss INDustRiEs Fatr.—Sat., April 16, to Tues., 
April 26, at Basle, Switzerland. Apply to the 
Swiss Legation, 18 Montague-place, Bryanston- 
square, London, W.1. Tel. PADdington 0701. 


AMERICAN SOCIETY OF MECHANICAL ENGINEERS.— 
Diamond Jubilee, Spring Meeting: Mon., April 18, 
to Thurs., April 21, at Baltimore. Instruments and 


Regulctors Conference: Mon. and Tues., April 25 
and 26, at Ann Arbor, Mich. Apply to the 
American Society of Mechanical Engineers, 29 
West 39th-street, New York 18. 


LiEGE INTERNATIONAL TRADE Fair.—Sat., April 23, 
to Sun., May 8, at Liége. Organised by the Foire 
Internationale de Liége, 17 Boulevard d’Avroy, 
Liége, Belgium. Agents: Mattis Industries, Ltd., 
252 Abbey House, Victoria-street, London, S.W.1. 
Tel. ABBey 7571. 


DUBLIN SPRING SHOW AND INDUSTRIES FAiR.— 
Tues., May 3, to Sat., May 7, at Ballsbridge, 
Dublin. Apply to the Royal Dublin Society, 
Ballsbridge, Dublin. 


NORTHERN Rapio SHOw.—Wed., May 4, to Sat., 
May 14, at the City Hall, Manchester. Organised 
by the Radio Industry Council, 59 Russell-square, 
London, W.C.1. Tel. MUSeum 6901. 


*PHOTOGRAPHY AND CINEMA EXHIBITION.—Wed., 
May 4, to Mon., May 16, in Paris. Organised by 
the Biennale Internationale de la Photographie et 
& Cinéma, 116 bis Avenue des Champs-Elysées, 

aris. 


GERMAN HANDICRAFTS AND TRADE FAIR.—Fri., 
May 6, to Sun., May 15, at Munich. Organised by 
the Verein fiir Handwerks-Ausstellungen und 
Messen e.V., Theresienhdhe 14, Munich 12, 
Germany. 


PARIS TRADE Fair (44TH).—Sat., May 14, to Mon., 
May 30. Agent: Mrs. M. Hyde-Joucla, 14 Rugby 
Chambers, Rugby-street, London, W.C.1. Tel. 
CHAncery 6794, 


CANADIAN INTERNATIONAL TRADE FAIR (EIGHTH).— 
Mon., May 30, to Fri., June 10, at Toronto. 
Further information from Miss M. A. Armstrong, 
Canadian Government Exhibition Commission, 
Canada House, Trafalgar-square, London, S.W.1. 
Tel. WHItehall 8701. 


WORLD PETROLEUM CONGRESS.—Mon., June 6, to 
Wed., June 15, in Rome. Apply to the British 
National Committee, 26 Portland-place, London, 
W.1. Tel. LANgham 2250. 


BUILDING PLANT EXHIBITION.—Wed., June 8, to 
Wed., June 15, at the Queenslie Industrial Estate, 
Glasgow. Organised by the Ministry of Works, 
Lambeth Bridge House, London, S.E.1. Tel. 
RELiance 7611. See ENGINEERING, December 10, 
1954, page 773. 


Non-DESTRUCTIVE TESTING CONGRESS.—Wed., June 
22, to Sat., June 25, at the Royal Technical College, 
Glasgow. Summer Meeting, Non-Destructive 
Testing Group, Institute of Physics, 47 Belgrave- 
square, London, S.W.1. Tel. SLOane 9806. 


SAFETY AND FACTORY EFFICIENCY EXHIBITION.— 
Fri., June 24, to Fri., July 1, at Bingley Hall, 
Birmingham. Information from the Industrial 
Safety Training Centre, Museum of Science and 
Industry, Newhall-street, Birmingham, 3. 


*BUILDING AND PuBLIC WorKS MATERIALS AND 
EQUIPMENT EXHIBITION (FIRST INTERNATIONAL).— 
Sat., June 25, to Sun., July 10, at Domaine National 
de St. Cloud, Paris. Exhibition offices: 29 Rue 
Cambon, Paris. 


BRITISH INSTRUMENT INDUSTRIES EXHIBITION.— 
Tues., June 28, to Sat., July 9, at Earl’s Court, 
London, S.W.5. Organised by F. W. Bridges and 
Sons, Ltd., Grand Buildings, Trafalgar-square, 
London, W.C.2. Tel. WHItehall! 0568. 


GREAT YORKSHIRE AGRICULTURAL SHOW.—Tues., 
July 12, to Thurs., July 14, at Harrogate, Yorkshire. 
Organised by the Yorkshire Agricultural Society, 
Cliftonfield, Shipton-road, York. Tel. York 3102. 


Dry CLEANING, DYEING AND ALLIED TRADES 
EXHIBITION.—Fri., July 15, to Sun., July 24, at the 
Ausstellungspark, Munich. Organised by the 
Internationale Fachausstellung Chemisch-Reinigung 
und Farberei, Geschiiftsstelle, Munich 12, Germany. 


*WATER SUPPLY CONGRESS AND EXHIBITION (INTER- 
NATIONAL).—Mon., July 18, to Sat., July 23, at 
Royal Horticultural Society’s Halls, Vincent- 
square, London, S.W.1. Organised by the Inter- 
national Water Supply Association, 34 Park-street, 
London, W.1. Tel. GROsvenor 1092. 


SKANE (SWEDISH NATIONAL) FAIR (37TH).—Sat., 
July 23, to Sun., July 31, at Malmo. Organised 
by Skanemassan Kommissariat, Stora Nygatan 15, 
Malmo, Sweden. 


AUSTRIAN INTERNATIONAL EXPORT AND TRADE 
Fair.—Fri., July 29, to Sun., Aug. 7, at Dornbirn, 
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Austria. Organised by Export-U Muster: 


- oe esse 
G.m.b.H., Dornbirn. Agents: British Au::rian 
Chamber of Commerce, 29 Dorset-square, Lor don, 


N.W.1. Tel. PADdington 7646. 


DusLIN Horse SHOW AND INDUSTRIAL F~ p.— 
Tues., Aug. 2, to Sat., Aug. 6, at Ballsb:‘dge 
Dublin. Organised by the Royal Dublin So-iety, 
Ballsbridge, Dublin. , 


Motor INDuUsTRY SUMMER SCHOOL.—Sat., Aur. 20, 
to Sat., Aug. 27, at Corpus Christi Coilege, 
Cambridge. Organised by the Institute o/ the 
Motor Industry, 40 Queen’s Gate, London, S.\V.7, 
Tel. WEStern 0915. See ENGINEERING, Dccem- 
ber 10, 1954, page 772. 


NATIONAL RADIO SHOW.—Wed., Aug. 24, to Sat., 
Sept. 3, at Earl’s Court, London, S.W.5. Organ- 
ised by the Radio Industry Council, 59 Russell- 
square, London, W.C.1. Tel. MUSeum 690!. 


*GERMAN RADIO, GRAMOPHONE AND TELEVISION 
EXHIBITION.—Fri., Aug. 26, to Sun., Sept. 4, at 
Diisseldorf. Agents: John E. Buck & Co,, 
— London, W.1. Tel. GERrard 


PRESTRESSING, CONFERENCE ON.—Mon., Aug. 29, to 
Fri., Sept. 2, at the Royal Tropical Institute, 
Mauritskade 63, Amsterdam 0, Holland. Organ- 
ised by the Fédération Internationale de la Pré- 
contrainte, Groningsestraat 15, The Hague. See 
ENGINEERING, December 17, 1954, page 782. 


*BRITISH ASSOCIATION MEETING.—Wed., Aug. 31, 
to Wed., Sept. 7., at Bristol. Apply to the 
secretary, British Association for the Advance- 
ment of Science, Burlington House, Piccadilly, 
London, W.1. Tel. REGent 2109. See ENGINEER- 
ING, February 11, page 168. 


ENGINEERING, MARINE, WELDING AND FOUNDRY 
TRADES EXHIBITION (20TH).—Thurs., Sept. 1, to 
Thurs., Sept. 15, at Olympia, London, W.14, 
Organised by F. W. Bridges and Sons, Ltd., Grand 
Buildings, London, W.C.2. Tel. WHItehall 0568, 


LetpziG INTERNATIONAL FaAiR.—Autumn Fair: Sun., 
Sept. 4, to Fri., Sept. 9. Apply to Leipzig Fair 
Agency, 127 Oxford-street, London, W.1. Tel. 
GERrard 0357. 


*GHENT INTERNATIONAL FAIR, INCLUDING PRINTING 
AND PUBLISHING TRADES EXHIBITION and QuIN- 
QUENNIAL EXHIBITION OF SCIENTIFIC AND INDUSTRIAL 
LABORATORY EQUIPMENT EXHIBITION.—Sat., Sept. 
10, to Sun., Sept. 25, at Ghent, Belgium. Agents: 
S. R. Tippett & Co., Ltd., 110 Cannon-street, 
London, E.C.4. Tel. MANsion House 4500. 


INSTRUMENT EXHIBITION AND CONFERENCE (10TH 
ANNUAL).—Mon., Sept. 12, to Fri., Sept. 16, at 
the Shrine Exposition Hall, Los Angeles. Organ- 
ised by the Instrument Society of America, 3443 
South Hill-street, Los Angeles 7, California, U.S.A. 


Gas SALES AND SERVICE CONFERENCE (FOURTH).— 
Tues., Sept. 13, to Thurs., Sept. 15, at the Heads 
of Ayr Holiday Camp, Ayr, Scotland. Organised 
by the Gas Council, 1 Grosvenor-place, London, 
S.W.1. Tel. SLOane 4554. 


*COMPUTING MACHINERY CONGRESS.—Wed., Sept. 14, 
to Fri., Sept. 16, at the Moore School of Electrical 
Engineering, University of Pennsylvania, Phila- 
delphia, U.S.A. Apply to Association for Comput- 
ing Machinery, Building 13-2, Camden 2, New 
Jersey, U.S.A. 

ELECTRICAL ENERGY CONGRESS.—Mon., Sept. 19, 
to Fri., Sept. 23, Church House, Dean’s Yard, 
London, S.W.1. Tenth congress of the Inter- 
national Union of Producers and Distributors of 
Electricity (UNIPEDE). Apply to the Public 
Relations Officer, British Electricity Authority, 
Winsley-street, London, W.1, Tel. MUSeum 4040; 
or to the Information Department, North of 
Scotland WHydro-Electric Board, 16 Rothesay- 
terrace, Edinburgh, 3. Tel. Edinburgh Central 
1361. See ENGINEERING, January 21, page 71. 


*TURIN INTERNATIONAL TECHNICAL EXHIBITION 
(FirtH), also 7TH AGRICULTURAL ENGINEERING 
EXHIBITION and 15TH ENGINEERING EXHIBITION.— 
Wed., Sept. 28, to Sun., Oct. 9, in Turin. Exhibi- 
tion offices: Via Massena, Turin, Italy. 


ALL-BRITISH TRADE Fair.—Thurs., Sept. 29, to Sun., 
Oct. 16, in the Tivoli Gardens and the Forum, 
Copenhagen, Denmark. Inquiries to the British, 
Overseas Fairs, Ltd., 21 Tothill-street, London, 
S.W.1. Tel. WHItehall 6711. See ENGINEERING, 
July 16, 1954, page 69. 


GERMAN PLastics INDUSTRY.—Sat., Oct. 8, to Sun., 
Oct. 16, at Diisseldorf, Germany. Organised 
by the Nordwestdeutsche Ausstellungs-Gesell- 
schaft m.b.H. (NOWEA), Ehrenhof 4, Diisseldorf. 
Agents: John E. Buck & Co., 47 Brewer-street, 
London, W.1. Tel. GERrard 7576. 
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Labour Notes 
EQUAL PAY NEGOTIATIONS 


The proposals of the negotiating committee of 
the Civil Service National Whitley Council for 
an early start to be made in the application of the 
principle of equal pay to the Civil Service were 
accepted by the staff side of the Council at a 
meeting in London last Friday. The scheme 
was given the approval of the official side of the 
Council some time ago and the Government is 
now in a position to take the preliminary steps 
to put the plan into effect. 

In an announcement in the House of Commons 
on January 25, Mr. R. A. Butler, the Chancellor 
of the Exchequer, explained that it was proposed 
to increase the scales of pay of women Civil 
Servants by seven equal annual instalments, so 
that they attained to the level of men’s rates 
with the payment of the seventh increment. 

For certain special grades, such as typists, 
a compromise has been agreed upon, by which 
the new scales to be applied eventually to both 
sexes will be higher than the present rates for 
women, but somewhat lower than the rates at 
present in force for the relatively small number 
of men serving in these grades. 

There are certain other grades in which women 
have different conditions of service from men 
employees and, in these cases, the treatment to 
be observed is reserved for further consideration. 
Grades in which no men are employed are 
outside the scope of these negotiations. 


INDUSTRIAL CIVIL SERVANTS 


The scheme is to apply to non-industrial 
Civil Servants only. For the industrial Civil 
Service, the Government considers that it is 
essential to adhere to the fair-wage principle, 
and to continue, as at present, to pay its women 
employees in accordance with the general 
practice observed in the trade concerned. 

The total annual cost of applying equal pay 
to the 155,000 women Civil Servants covered by 
the agreement, and to the 36,000 women whose 
case is still under consideration, will be about 
£12,850,000, according to recent calculations. 
For the first complete year, the cost will be 
around £1,840,000. These estimates assume that 
the 36,000 women mentioned above will even- 
tually receive the same rates as men employees 
in their grades. 

There are 210,000 women, including part-time 
operatives, in the non-industrial Civil Service 
and the 155,000 principally affected are mainly 
employed in the clerical, sub-clerical, executive 
and typing grades. The 36,000 women whose 
case is reserved are mostly telephonists and 
telegraphists in the Post Office, and their con- 
ditions of work differ from those applicable to 
men. The other women excluded are 17,500 
who do not perform equal work, and about 
1,500 in grades composed only of women. 

The first stage of putting the plan into force 
will be the introduction of a supplementary 
estimate into the House of Commons to meet 
the cost of the first annual increase, which will 
take effect from January 1 last. 


DOCK LABOUR SCHEME INQUIRY 


Representatives of port employers and of 
trade unions interested in the dock industry 
heave been invited by Sir Walter Monckton, the 
Minister of Labour, to meet officials of the 
Ministry, separately, for informal discussions 
or the advisability of holding. an investigation 
ino the working of the national dock labour 
sc 1eme. 

The need for an inquiry has been urged by 
certain sections of the port employees for some 
tiie, and the employers’ organisation, the 


National Association of Port Employers, stated 
last Friday that it would welcome a revision of 
the scheme. Recent developments, it was 
affirmed, had demonstrated very clearly the 
need for an investigation. 

One point stressed by the Association was 
that, under the existing scheme, effective 
machinery had not been devised for disposing 
of malcontents. Such persons, though few in 
number, were very active and, in the opinion 
of the Association, it was upon them that much 
of the blame for post-war dock strikes must be 
laid. 

The chairman of the Association, Mr. R. H. 
Senior, said that the Association was asking for 
an inquiry as a matter of urgency. The employers 
had loyally played their part in the operation of 
the scheme from the time of its inception, but 
it was well known that there were features in its 
administration which they had found unpalatable. 

In any case, Mr. Senior said, the scheme had 
been functioning for seven years and the 
employers believed that it should now be 
reviewed impartially, in the light of the experience 
gained during that period, to see whether any 
improvements could be made. 


OVERTIME AND DISCIPLINE 


One of the major difficulties with which the 
port employers have had to contend has been the 
question of overtime. Very little progress 
appears to have been made in discussions on this 
problem between employers in the Port of 
London, on the one side, and the dockers’, 
lightermen’s and stevedores’ unions, on the 
other. The employers are anxious to maintain 
the compulsory character of overtime, in view of 
the nature of the industry, while the unions 
insist that work outside normal hours must be 
voluntary only. 

The dual responsibility of dock workers to 
their own particular employers and to the local 
dock labour boards is stated to lead to confusion 
and to weaken discipline. Much of the trouble 
appears to be due to provisions in the scheme 
whereby the men are employed by individual 
firms, and work for them, but are paid by the 
local board. 

It is the local board, also, which is responsible 
for maintaining discipline and yet representatives 
of the men’s own union may be members of the 
board. This is regarded by many employers as 
a special source of confusion and one which, 
they feel, has done much to prevent the establish- 
ment of that proper feeling of respect for 
authority so essential in a major industry. 

At the same time, there is a very general 
recognition among the employers that the dock 
labour scheme has done much to remove the 
worst features of casual employment. Their 
main criticism seems to be that many workpeople 
in the industry, while accepting the benefits of 
the scheme, do not always acknowledge the 
obligations which it involves. 


ENGINEERING WAGE CLAIMS 


Officials of the Engineering and Allied Em- 
ployers’ National Federation announced last 
week that they are prepared to meet leaders of 
the Confederation of Shipbuilding and Engineer- 
ing Unions on either March 9 or March 16, to 
give their considered reply to the Confederation’s 
claims for higher wages in the engineering 
industry. 

The unions’ case in support of the men’s 
demands was presented to the employers’ 
Federation on December 14 and, early last week, 
the Confederation’s executive council wrote to 
the Federation inquiring why its reply had been 
delayed. The Confederation had previously 
stated that it had expected an answer by the end 
of January. 
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This communication was doubtless considered 
by the Federation’s board of management at 
their meeting on February 16, when final reports 
from local bodies of engineering employers 
affiliated to the Federation were presented. 

It is believed that, as a result of these consulta- 
tions with its affiliated organisations, the Federa- 
tion’s board of management is prepared to 
submit an offer for the consideration of the 
unions, and that there is little chance of the 
claims being rejected outright. 

When costs in the industry rose as a result of 
the last wage increase many employers feared 
that export orders and home sales would 
inevitably decline. These fears later proved to 
be largely unfounded and this result seems to 
have had a considerable effect on the employers’ 
attitude to the new demands. There are also 
grounds for believing that some firms feel that 
they are in a sufficiently strong trading position 
to be able to make an offer of higher rates. 

The unions have asked for increases of 15s. a 
week on the basic rates for skilled men and of 
10s. a week on those of unskilled employees. In 
addition, they are seeking the establishment of a 
number of intermediate grades for semi-skilled 
workers, in order that the varying abilities of 
these employees may be more adequately recog- 
nised than at present. The wage rates of some 
three million men may be affected by these 
claims. 


CIVIL AIR-TRANSPORT INDUSTRY 


An announcement in the February issue of 
the Transport and General Workers’ Record, the 
official journal of the Transport and General 
Workers’ Union, states that representatives of 
the union are shortly meeting officials of the 
employers’ organisations in the civil air-transport 
industry to pursue a wage claim on behalf of 
workers covered by the industry’s engineering 
and maintenance, and radio panels. 

The claim to be discussed, it is stated, is 
similar to that presented recently by the Con- 
federation of Shipbuilding and Engineering 
Unions to employers in the engineering in- 
dustry. 

When the subject was under consideration by 
the unions concerned, the Record points out, the 
T.G.W.U. pressed for a wage claim to be 
presented for an equal amount of increase for 
all employees, in view of the fact that balanced 
grading schedules existed in the current agree- 
ments in the industry. By a majority vote, 
however, it was decided not to accept the 
union’s submissions. 


ELECTRICIANS’ STRIKE BALLOT 


Arrangements for the taking of a ballot vote 
of its membership on whether or not strike 
action should be begun on its recent wage claim 
were announced by the Electrical Trades Union 
on February 16. _ 

This course was decided upon at a meeting of 
the union’s executive council, which had under 
consideration an offer by the employers’ organ- 
isation, the National Federated Electrical Asso- 
ciation, of an additional 2d. an hour, in settlement 
of the union’s demand for higher wages in the 
electrical-contracting industry. 

In the course of a statement on the position, 
the union’s council announced that it had found 
the employers’ offer to be “totally inadequate ” 
to the men’s needs. If the offer were accepted, 
it would mean that the hourly rate for skilled 
men in the electrical-contracting industry would 
be less than that for many semi-skilled operatives 
in the electricity-supply industry. In the cir- 
cumstances, the council had decided to test the 
feeling of the rank and file as to the taking of 
strike action. 








NOTICES OF MEETINGS 


Association of Supervising Electrical Engineers 
LONDON 

** Cross-Channel Power Link,” by E. L. 

Barnes. West London Branch. 

smith, W.6. Tues., 
BATH 


Davey and C. C. 
134 King-street, Hammer- 
Mar. 1, 7.30 p.m. 


Film Evening. Bristol and West of England Branch. Angel 
Hotel, Bath. Fri., Mar. 4, 8 p.m. 
CARDIFF 


Film Evening. South Wales Branch. Angel Hotel, Westgate- 
street, Cardiff. Tues., Mar. 1, 7.30 p.m. 
CROYDON 


“ Industrial X-Rays,” by F. L. Veale. South London Branch. 
Café Royal, North End, Croydon. Thurs., Mar. 3, 8 p.m. 
LIVERPOOL 
be ‘ee ¢ Circuit-Breakers,” by A. Hoban. 
Branch. 9 ¢ Temple, 24 Dale-street, Liverpool. 
Mar. 4, 7.30 p.m. 
PORTSMOUTH 
Discussion on “ Television, Past, Present, Future and Colour.” 
Portsmouth Branch. British Electricity Authority’s Con- 
ference Rooms, High-street, Old Portsmouth. Tues., Mar. 1 
7.30 p.m. 
WEMBLEY 
Short papers by branch members. North-West London 
Branch. Century Hotel, Forty-avenue, Wembley Park. Fri., 
Mar. 4, 8.15 p.m. 


British Institution of Radio Engineers 
LIVERPOOL 
Symposium on “Electronics in Industry.”” Merseyside 
Section. College of Technology, Byrom-street, Liverpool 3. 
urs., Mar. 3, 7 p.m. 
MANCHESTER 
*“*Compu.ing Circuits in Flight Simulators,’ by Dr. A. E. 
Cutler. North-Western Section. College of Technology, 
Sackville-street, Manchester. Thurs., Mar. 3, 7 p.m. 


Chemical Society 
BIRMINGHAM 


*“Tonisation in Organic Chemistry,” 
Hughes. irmi 


Liverpool 
Fri., 


by Professor E. D. 
gg Birmingham Branch. The University, Birmingham. 
ri., Mar. 


4, 4.30 p.m. 
BRISTOL 
“The Fuel Scientist: Training and Using Britain’s Greatest 
Asset,”” by Professor A. L. Roberts. Bristol Branch. Thurs., 
Mar. 3, 7 p.m. 
HULL 


ess in Natural Product Chemistry,” by Professor 
arton. Hull Branch. The University, Hull. 
Thurs., Mar. 3, 6 p.m. 
LIVERPOOL 
“Mode of Action of Pyridoxine,” by Dr. 
Branch. The University, 


** Recent Pro; 
D. H. 


H. M. Sinclair. 
Liverpool. Thurs., 


* Liquid Crystals,” by Professor Brynmor Jones. St. Andrews 
and Dundee Branch. Chemistry Department, Queen’s 
College, Dundee. Tues., Mar. 1, 5.15 p.m. 


Illuminating Engineering Society 
CARDIFF 


“*The Architect’s Approach to Artificial Lighting,” by J. D. 
Layton. Cardiff Centre. Offices of the South Wales Electricity 
Board, The Hayes, Cardiff. Thurs., Mar. 3, 5.45 p.m. 
EDINBURGH 
* The Evaluation of _ ting,” by R. G. Hopkinson. 
burgh Centre. Manor Cl 
ed., Mar. 2, 7 p.m. 
GLASGOW 
“ Flicker in Relation to Fluorescent Lighting,’ by R. G. 
Hopkinson. Glasgow Centre. 39 Elmbank-crescent, Glasgow, 
C.2. Thurs., Mar. 3, 7.30 p.m. 
LEICESTER 
“Lighting Maintenance Problems,” by J. W. Strange. 
Leicester Centre. Offices of the East Midlands Electricity 
Board, Charles-street, Leicester. Mon., Feb. 28, 6 p.m 


Incorporated Plant Engineers 
LONDON 


Annual General Meeting. London Branch. Royal Society of 
Arts, John Adam-street, Adelphi, W.C.2. Tues., Mar. 1, 


.m. 

LEEDS 
“* Steam Trapping is Common Sense, ” by F. Blezzard. West 
and East Yorkshire Branch. The University, Leeds. Mon., 
Feb. 28, 7.30 p.m. 

LEICESTER 
* Lubrication,” by Dr. H. E. Priston. Leicester Branch. 
Leicester Colle e of Ags and Technology, The Newarkes, 
Leicester. —— , 6.30 p.m. 

PE TERBOROU 
** Space ee ” by G. A. Rooley. Peterborough Branch. 
Campbell Hotel, Bridge-street, Peterborough. Thurs., Mar. 3, 


7.30 p.m. 
ROCHESTER 
General gg Kent Branch. Bull Hotel, 
Rochester. Wed., Mar. 2, 7 p.m 
SOUTHAMPTON 
Annual General Meeting. Southampton Pants. Polygon 
Hotel, Southampton. Thurs., Mar. 3, 7.30 p 


Institute of British waters: 


MANCHESTER 
** Melt Quality Control in Non-Ferrous Foundries,” with 
an, by F. Hudson. Lancashire Branch. Engineers’ Club, 

Albert-square, a Wed., Mar. 2, 7 p.m. 

THORNA Y-ON 
* Exothermic Feeding ag Castings,” by Dr. D. V. Atterton. 
Tees-Side Branch. ffices of Head, Wrightson & Co., Ltd., 
Teesdale Hall, Thorn: by-on-Tees. Fri., Mar. 4, 7.30 p.m. 


Institute of Fuel 
SWANSEA 


*“ Atomic Energy,” by Dr. P. McNair. South Wales Section. 
Y.M.C.A., Kingsway, Swansea. Fri., Mar. 4, 6 p.m. 


Institute of Marine Engineers 


DARLINGTON 
** Metallurgy in Marine Engineering,” by Dr. J. E. Garside. 
Junior Lecture. North-East Coast Section. Technical 
College, Northgate, Darlington. Mon., Feb. 28, 7 p.m. 


Institute of Metals 
LONDON 


“ Physical and Chemical Processes Occurrin: 
lytic Production of Aluminium,” by Dr. 
London Local Section. Thurs., Mar. 3, 6.30 p.m. 
BIRMINGHAM 
“* Developments in Stainless Steels,” by J. I. Morley. Bir- 
mingham Local Section. James Watt Memorial Institute, 
Great Charles-street, Birmingham. Thurs., Mar. 3, 6.30 p.m. 


Edin- 
ub, 12 Rothesay-place, Edinburgh, 3. 


in the Electro- 
Pearson. 


OXFORD 
= Pigstion: Some Properties and Handling Problems,” b 
Dr. W. H. Lord. Oxford Local Section. Cadena Café, 
otek RK -street, Oxford. Tues., Mar. 1, 7 p.m. 


Institute of Road Engineers 
cei Transport 
= ok uipment Appertaining to Commercial Vehicles,” 
wis. Western Centre. Rougement Hotel, 
Exeter: Thurs Mar. 3, 7.30 p.m. 
NORWICH 
Discussion on “ Modern Design and Construction Methods 
of Bodies for Public-Service Vehicles.’”” Eastern Centre. 
Canteen, Eastern Counties Omnibus Co., Ltd., Norwich. 
Wed., Mar. 2, 7 p.m. 
PRESTON 
Various short papers by members. North-West Centre. 
Victoria and Station Hotel, Preston. Tues., Mar. 1, 7.30 p.m. 


Institute of Welding 
EDINBURGH 


Low Hydrogen Electrodes,” by A. Oldbridge. East of 
Scotland Branch. Chamber of Commerce, Charlotte-square, 
Edinburgh. Wed., Mar. 2, 7 p.m. 

MANCHESTER 
““ Welding Problems in the Chemical Industry,” by E. J. 
Heeley. Manchester Branch. College of Technology, 
Sackville-street, Manchester. Wed., Mar. 2, 7.15 p.m. 

MIDDLESBROUGH 
“ Fatigue in Welded Structures,” by R. P. Newman. North- 
Eastern (Tees-Side) Branch. Cleveland Scientific and Tech- 
nical a ee Corporation-road, Middlesbrough. Thurs., 
Mar. 3, 7.30 p 

NEWCASTLE-UPON-TYNE 
“Site Welding,” by W. C. Holliday. North-Eastern (Tyne- 
side) Branch. Neville 7? Westgate-road, Newcastle-upon- 
Tyne. Thurs., Mar. 3, 7 p.m. 


Institution of Chemical Engineers 


by P. V. Koller. 
Leeds. Wed., 


LEEDS 
“* Instrumentation of a Nuclear Power Plant,” 
North-Western Branch. The University, 
Mar. 2, 7 p.m. 


Institution of Civil Engineers 


* Prestressed-Concrete Roads,” by J. P. Stott. 
neering Division. Tues., Mar. 1, 5.30 p.m. 


Institution of Electrical Engineers 
LONDON 
“Iron Losses at High-Magnetic Flux Densities in Electrical 
Sheet Metals,” by Professor F. Brailsford and c. G. Bradshaw; 
and “ An Improved Precision Permeameter,”” by Drs. C. D. 
Mee and R. Street. Measurements Section. Tues., Mar. 1, 
5.30 p.m. 
**Comparative Directional Measurements on Short Radio 
Waves over Different Transmission Paths,” by E. N. Bramley; 
“‘ Aspects of the Rapid Directional Fluctuations of Short 
Radio Waves Reflected at the Ionosphere,” by E. N. Bramley; 
** On the Rapidity of Fluctuations in Continuous-Wave Radio 
Bearings at High Frequencies,” by Dr. Bain; and 
kia Sources of Error in U-Adcock High-Frequency Direction 
Finding,” by K. C. Bowen. Radio Section. Wed., Mar. 2, 
5.30 p.m. 
“The Application of the Rotary Amplifier,” by D. A. 
a. London Students’ Section. Wed., Mar. 2, 


6.30 p 

pa The. "Incancinst-hastenesion Industry in the Post-War 

Economy—II” by G. L. E. Metz. Thurs., Mar. 3, 5.30 p.m. 
BARNSLEY 

“ Electricity Applied to Mining,” by C. D. Wilkinson. North- 

a Centre. Town Hall, Barnsley. Wed., Mar. 2, 


p.m. 
HOVE 
““Meter Problems and Consumers’ 
by L. B. S. Golds and P. Schiller. 
of the South-Eastern Electricity Board, Hove. 
6.30 p.m. 
MANCHESTER 
** The Nature of Textiles,” 
—— ee, Engineers’ 
ester. Tues., Mar. 1, 7 p.m. 
NEWCASTLE. UPON-TYNE 
“* Electrification of the Manchester-Sheffield-Wath Lines, 
Eastern and London Midland Regions, British Railways,” 
y J. A. Broughall and K. J. Cook. North-Eastern Centre. 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. Mon., 
Feb. 28, 6.15 p.m. 
Institution of Heating and Ventilating Engineers 
NOTTINGHAM 
“* Meteorological Data and Design Temperatures,” by H. C. 
Jamieson. Nottingham Branch. College of Arts and Crafts, 
Waveley-street, Nottingham. Wed., Mar. 2, 6.30 p.m. 


Institution of Mechanical Engineers 


LONDON 
Discussion on “ Practical Design Criteria for High-Speed 


.LONDON 


Road Engi- 


Load Characteristics,” 
Southern Centre. Offices 
Wed., Mar. 2, 


by Professor W. E. Morton. 
Club, Albert-square, 


North- 
Man- 
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Journal ac, all 
6.45 p 
COVENTRY 
“ Analysis and Presentation of Service Records,” by 
Wilford. Coventry A.D. mtre. Craven Arms 
High-street, Coventry. Tues., Mar. 1, 7.15 p.m. 
DERBY 


“* Helicopters,” by A. Hollis-Williams. Derby A.D. < « 
Midland Hotel, rby. Mon., Feb. 28, 7.15 p.m. 


Institution of Production Engineers 


CHELTENHAM 
“* Modern Methods of Production Control,” by E. J. The 
Gloucester Section. Belle Vue Hotel, Cheltenham. 
Mar. 2, 7.15 p.m. 
GLASGOW 
Annual General Meeting. Glasgow Section. 
crescent, Glasgow, C.2. Th 
HALIFAX 
** Work Measurement Research,” by Professor T. U. M 
Halifax Section. White Swan Hotel, Halifax. Wed., ! 


7 p.m. 
NOTTINGHAM 
Annual General Meeting and Film Evening. Nottingham 
Section. Victoria Station Hotel, Milton-street, Notti:.zham., 
Wed., Mar. 2, 7 p.m 
SOUTHAMPTON 
Annual General Meeting. Southern Section. 
Hotel, Southampton. Fri., Mar. 4, 8 p.m. 
WOLVERHAMPTON 
“*Radio-Active Isotopes,” by F. Scott. Wolverhampton 
Section. Wolverhampton and Staffordshire Technical College, 
Wolverhampton. Wed., Mar. 2, 6.45 p.m. 


Institution of the Rubber Industry 


MANCHESTER 
** Limitations of Rubbers,”’ by Professor G. Gee. Manchester 
Section. Engineers’ Club, Albert-square, Manchester. Mon., 
Feb. 28, 6.45 p.m. 


Junior Institution of Engineers 
Fri., Mar. 4, 7 p.m. 


Applied Mechanics Group. Fri., } 


39 El: bank. 
urs., Mar. 3, 7.30 p.m. 

ithew, 
lar, 2, 


P lygon 


LONDON 
Film Evening. 
BIRMINGHAM 
Repetition of Presidential Address on “‘ Engineering in the 
Twentieth Century,” by Professor S. J. Davies. Midland 
Section. James Watt gg Institute, Great Charles- 
street, Birmingham. Wed., ; ae * 


London Association-of Engineers 
LONDON 
Discussion and Film on “ The Raising of H.M. Submarine 
Truculent.”” Alliance Hall, Palmer-street, S.W.1. Sat., 
Mar. 5, 6.30 p.m. 


Manchester Association of Engineers 

MANCHESTER 

“Electronic Aids to Production,” by N. W. S. 

Engineers’ Club, Albert-square, Manchester, 2. Fri., 

6.45 p.m. 

Reinforced Concrete Association 

LIVERPOOL 

** Reinforced-Concrete Detailing,” by G. A. Simpson. North- 

Western Branch. 9 The Temple, 24 Dale-street, Liverpool. 

Wed., Mar. 2, 6.30 p.m. 
MANCHESTER ‘ 
** Reinforced-Concrete Detailing,” by G. A. Simpson. North- 
Western Branch. College of Technology, Sackville-street, 
Manchester. Tues., Mar. 1, 6.45 p.m. 


Royal Aeronautical Society 
LONDON 


“* The Scientific Approach and Research in Aircraft Produc- 
tion,” by Professor J. V. Connolly. Section Lecture. Tues., 


Mar. 1, 7 p.m. 
The Royal Society 
LONDON 


*“* The Determination of Burning Velocities of Slow Flames,” 
by G. Badami and Sir Alfred Egerton; and “Studies of the 
Explosive Combustion of Hydrocarbons by Kinetic Spectro- 
scopy,” by R. G. W. Norrish, G. Porter and B. A. Thrush. 
Thurs., Mar. 3, 4.30 p.m. 


Royal Society of Arts 
LONDON 


** Business as Patron in the Industrial Age,” by F. C. Hooper. 
Wed., Mar. 2, 2.30 p.m. 
Sheffield Metallurgical Association 
SHEFFIELD 
** Segregation in High-Speed and Other Tool Steels,” by 
E. Johnson. B.LS.R.A. Laboratories (Sheffield Group), 
Hoyle-street, Sheffield, 3. Tues., Mar. 1, 7 p.m. 


West of Scotland Iron and Steel Institute 


GLASGOW 
** Engineering en of Heavy Section Mills,” by T. Walker. 
Fri., Mar. 4, 6.45 p 


Ingles. 
Mar. 4, 
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Association of Supervising Electrical Engineers, 23 Bloomsbury- 
uare, London, W.C.1. (LANgham 5927.) 

British Institution of Radio Engineers, 9 
London, W.C.1. (MUSeum 1901.) 

Chemical Society, Burlington House, Piccadilly, London, W.1. 
(REGent 0675.) 

Illuminating Engineering Society, 32 Victoria-street, London, 
S.W.1. (ABBey 5215.) 

Incorporated Plant Engineers, 48 Drury-Lane, Solihull, Bir- 
mingham. (Solihull 3021.) 

Institute of British Foundrymen, St. John Street Chambers, 
Deansgate, Manchester, 3. (Blackfriars 6178.) 

Institute of Fuel, 18 Devonshire- street, Portland-place, London, 
W.1. (LANgham 7124.) 

Institute of Marine Engineers, 85 The Minories, London, E.C.3. 
(ROYal 8493.) 

Institute of Metals, 4 Grosvenor-gardens, London, S.W.1. 

ane 6233.) 

Institute of Road Transport Engineers, 69 Victoria-street, 
London, S.W.1. (ABBey 6248.) 

Institute of Welding, 2 Buckingham Palace-gardens, London, 
S.W.1. oo 9851 2 

Institution of Chemical Engineers, 56 Victoria-street, London, 

S.W.1. (VICtoria 6161.) 


Bedford-square, 


Institution of Civil Lian Great George-street, London, 
S.W.1. (WHitehal 


lace, Victoria-embank- 
676. ) 


Institution of Electrical Engineers, Savoy- 
ment, London, W.C.2. (TEMple Bar 


Institution of Heating and Ventilating Engineers, 49 Cadogan- 
square, London, S.W.1. (SLOane 3158 

Institution of Mechanical Engineers, 1 Birdcage-walk, St. James’s 
Park, London, S.W.1. (WHitehall 7476.) 

Institution of Production Engineers, 10 Chesterfield-street, 
London, W.1. (GROsvenor 5254.) 

Institution of the Rubber Industry, 12 Whitehall, 
S.W.1. (WHltehall 5012.) 

Junior Institution of Engineers, Pepys House, 14 Rochester-row, 
London, -l. (VICtoria 0786.) 

London Association of Engineers, 5 Wimborne-grove, Watford, 
Hertfordshire. (Watford 6044.) 

Manchester Association of Engineers, 20 Booth-street, 
chester 2. (Central 2796.) 

Reinforced Concrete Association, 94-98 Petty France, Londom 
S.W.1. (ABBey 4504.) 

Royal Aeronautical Society, 4 Hamilton-place, London, W.1. 
(GROsvenor 3515.) 

Royal Society, Burlington House, Piccadilly, London, W.1. 
(REGent 3335.) 

Royal Society of Arts, John Adam-street, Adelphi, London, 
W.C.2. (TRAfalgar 2366.) 

Sheffield Metallurgical Association, 15 Crescent-road, Sheffield 7. 
(Sheffield 53674.) 

West of Scotland Iron and Steel Institute, 39 Elmbank-cres<ent, 
Glasgow, C.2. (Central 5181.) 


London, 


Man- 





